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(54) BLOCK COPOLYMER 



(57) Provided are a block copolymer including a pol- 
ymer biock containing acrylonilriie or roethecrytonitriie 
as a principal constituent, which is excellent in heat re- 

, r J - 1 ! f 5 r t " i i r 

, d bw-temperature resistance o J a i 
econ J p i i 3 res n com- 



position and an elastomer composition each containing 
the block copolymer. The block copolymer is produced 
by reversible addition-fragmentation chain transfer po- 

neriza "< , ? ' 'rt >c ci. 

containing compound. 
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Description 
Technical Field 



s [0001] The present invention relates to block copolymers. More particular the invention relates to s biock copolymer 
including ck ' contains a monomer selected from the group cons 3 : metbacry 

ionitnse a? a pr j rt m i J 1 composition o 

elastomer composition containing block copolymer as i " 



10 Background Art 



[0002] Materials in which aoryicmtrite or methac-ylonitrile is polymerized have been widely used because of their 

excellent heat resistance, weatberabitity, oil resistance, flame retardancy, etc. Commonly Known examples thereof 
nclu c t li t lyme •> scryionitnie-eUiyien mie copolymer resins 

Alv. ! it t n 1 if n I t 1- f 1 -m v \lu~ 

ir , ^ •, n t ! M >C£ n 1 ^ «J ^ bbouM^ p ^ anjhs-moypndtpd 

rtitrtle robber 

[0003] Howevsi - f these ma sis are f red by andos copoiymen/aooi . ■ < "> ' e and other monomers 
or by graft copoiymerization of acryionitrlie onto polymer chains. With respect to block copolymers including polymer 
b ocks con n i > ' 1 1 1 r onrcipal constituents, although research has been conducted 

on the laboratory level no production has been performed industrially. 

[0004] In general, in an soryioniiriie-eontainlrsg polymer, as the acrylonltrile content is increased, oil resistance,. wear 
resistance, heat resistance, and strength are improved, while low-temperature resistance tends to be degraded. In 
contrast, in a block copolymer in which a poiymer block containing acryionitriie or meihaerylonitriie as a principal con- 
stituent and a flexible polymer block composed of other constituents, low-temperature resistance is considered to be 
improved while maintaining excellence in heat resistance, oil resistance, etc. 

[0005] As the methods for synthesizing block copolymers, living polymerization methods are usually used. Examples 
of living polymerization methods include living catlonic polymerization methods, living anionic polymerization methods, 
and living radical polymerisation methods. Among ihem, living radical polymerization methods are most useful because 
of the applicability to a wide variety of monomers and also because of the applicability to water-based polymerization. 
Commonly known examples 0! the living radical polymerization methods include a method using nitroxyl radicals, such 
as 2,2,,6,$-tetramethys-1-pipei-idinyloxy (TEMPO) radicals, described in Junpo He et as., Poiymer, 2000, 41, p,4573; 
and an atom transfer radical polymerization method described in Matyjaszewski et al., J. Am. Cbem. Sac, 1995, 117, 
p.5614. However, in the method using nitroxyl radical's. Iffiie has been reported about the polymerization of monomers 
other than styrene. and no example has been known about the polymerization of acrylonstnte. Furthermore, in general, 
since the polymerization temperature must be 120' 3 C or more, this method is not economical for industrial production. 
On the other hand, in the atom transV ^dica! ^0 j -i f ' trite ' < r 1 ^ 0 ' ' ' u 

is a rata * r e r 1 " 1 ' " 1 l U!,f v 

in order to remove the metal complex from the poiymer, thus being uneconomical. Additionally, in the living radical 
polymerization methods described above, it is generally difficult to perform water-based polymerization, such as emul- 
sion polymerization or suspension polymerization, in the living radical polymerization methods described above, there 
a»{ cases in «n h t t m water-based polymerization, such as emulsion polymerization or sospshsion 

polymerization. 



« Disclosure of invention 

[8O0S] The present invention has been achieved to overcome the problems associated with the conventional tech- 
niques, it is an object c si 31 < ? a block copolymer including a polymer block containing 
u 1 i s ti n iut H t t t 5 t I 
50 sihi 5 e 1 c <= a 1 i U r i u t 

object < - > » a thermopiasi8e resin composition or elastomer composition containing the 

block copolymer. 

[0007] A block copolymer of the present invention induces a polymer clock (A) and a polymer block (B), the block 
rooH>r ;n uirii e' Mr- m , v > ^ 1 \ - m- ; 31 u 
5 5 r >f a thiocarbonytthio g n r^^ound e>ndthe,ib> onvrqth> >oiymer block 

(B). 

[0008] The polymer block (A) is prepared b> > t t one monomer 

selected from the group consisting of acrylonttriie and methaerytonitrile and 50% to 0% by weight of at least one mon- 
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omer selected from the group consisting of methacrylate esters, Btyrene, and a«methyS$tyreoe. 
[0009] The polymer biock (B) is prepared by (co)polyrrserizing at least one monomer selected from the group con- 
sisting of i ihac-ylic: acid, aorylaie est - f. - 1 < 
butadiene, isoprene, and vinyl chloride. 

s [0019] A biock copolymer of the present invention maybe produced by separately forming the polymer biock (A) and 
ifkj ^ert'^ckfB. i i byoreve ok idd to ^ t» f n tn< >(s' o ' enz.it n et o nth p rc 
of a truocamorwdhio grooomoniaining compound, and then by coupling the polymer block (A) and the pciymer block (B). 
[0011] b i f , "n, , ent can be of various types. Examples typ include, but are not 
limited to, an A-B diblock copolymer including the polymer block (A) and the polymer biock (B), an A-B-A triblock 

10 copolymer, a B-A--8 trtbiock copolymer an {A-B in mulfiblock copolymer, and a branched block copolymer. Polymers 
produ< c he nes described above to t )iymei be acceptable. E> 

ampies thereof include an A-B-C polymer including a polymer chain C formed by a monomer other than the ones 
described above. 

[0012] h f I i [ 1 I ■> -^re 

is (RAFT) method in the presence of a thiocarbonyithio group-containing compound. RAFT polymerization methods are 
dlsciosed, for example, in PCT Publication No. WO98/01478: PCX Publication No. WO99/05099; PCI Publication No. 
VV099/31144; Macromoiecuies, 1998, 31, p.5559; ivlacromoiecuies, 1999, 32, p.2071; Macromoieeules, 1999, 32, p, 
$97? and lac-rot es. 2i 

[0013] That is, the monomers for forming the polymer block (A) are polymerized in the presence of a thiocarbonyithio 
20 group-").," r,-i -oti.> *orm the polymer block (A). The monomers for fo \ i the polymer biock (B) are then 

polymerized to form the polymer block (B) linked to the polymer block (A). Thereby, a block copolymer including the 
co'y -ne hur*. <«, i tne> Mock x bi s produced In this method, the thiocarbonyithio group-containing com- 

pound functions as a chain transfer agent, and the resultant block copolymer contains at least one thiocarbonyithio 
group In each molecule. The biock copolymers including the polymer blocks {A} and the polymer blocks (B) are, as 
25 necessary, subjected to a coupling reaction to produce a tribiock copolymer, such as the A-B-A or B-A-8 type; or a 
multiblock copolymer, such as the (A-B'-n type. It is also possible to produce a blcr k < opo vote i -v f c imgth« c me 
block (A) and the polymer dock (3) separately, each in the presence of a thiocarbonyithio group- containing compound, 
an, thi - ; pllng the polymer block (A) and the polymer block (B). 

[0014] When the block copolymers, or the polymer blocks {A) and (B), are coupled to each otner, th > e . > k c ; 
So preferably have fu r t >n i g cups at the ends in view of the fact that coupling can be performed easily and reliably In 
the present invention, the thiocarbonyithio groups introduced into the polymer by the method described above can be 
used as such functional groups. 

[0015] When the thiocarbonyithio group-containing copolymers are subjected to a coupling reaction, for example,: 
first/the copolymers are allowed to react with a processing agent composed of at least one compound selected from 
3S the group consisting of bases, acids, and hydrogen-nitrogen bond-containing compounds to convert the thiocarbo- 
nyithio groups of the copolymers into mercapto groups or mercaptide groups. Next, coupling of the copolymers is 
performed using the mercapto groups or mercaptice groups. The biock copolymer with the desired type is thereby 
obtained. 

[0016] The polymer block {A) is prepared by (co)poiymerb 

40 selected from the group consisting of acrybnitrite and methacryionltrile and 50% to 0% by weight of at least one mon- 
omer e on su onsisting of methacrylate esters, styrene, and a-rnehiyistyrene. 
[9017] Because of the excellence in oil resistance and flame retardancy of the resultant block copolymer, the polymer 
block (A) Is prepared preferably by polymerizing 80% to 100% of at least one monomer selected from the group con- 
„ f r ir i .i j , - <- i lit the group consisting 

.»;. u< hi v e r i J t t f ntrofatieas 

one men - ~ *v - vUf o r I *- e and methacryionitriie. With respect to the amounts of 

tf, ,! V !c l h i -J n f I* t I r - I 1 1 < , - hf r '>'< 

j. > , t > lt t - b - 3" r i o i ( (- r i -i n t 1! i 

weight of acryionttriie is polymerized, 

so [80181 In view of the strength and workabr c f T,e resivm,, - > > n j> ■» t * '•<•«< 

which is determined by gel permeation chromatography analysis, of the polymer block (As is preferably 1 .8 or less. 
..no no o ' tii. I I o r s> i s 1 '< r< n It u >< -m > z ' > V ,c/ f . ,s a va ue corre 

spending to the ratio of the weight-average molecular weight (Mw) to the number-average molecular weight (Mn) 

•i 1 \j b t ' " 1 i > " 3 

ss {00181 In view of the strength and workability of the resultant block copolymer, the number-average molecular weight 
* v k ' x. x v her a ~qe i " ' to £0« 00C arc ^Tp-tva n the ange of 3,000 to 

100,000. 

[0820] Be a sstransitic 
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temperature of She polymer block (A) Is preferably 50'" C or more, and more preferably 80""C or more. In she present 
invention, the glass transition temperature (Tg) is determined according to the following equation: 

(1/Tg) = (WwTg,) + (W 2 /tg 2 ) + ... + {W m /Tg m ) 

v h e re i r s T g < .. 1 j , r orr poiymeriza 

when they are homopolymerized, respectively: VV -j , W ? , .... VV n , are the weigh' fractions of She monomer components 
u^-t-J > ' 'he pelj! e' c o< i - v ' + ... W m * 1 is satisfied). 

Additionally r > nerally known as the Fc 3 - Vith respect to the glass transition temper- 

atures of .the in* v . x poiymers {Tg g 2 ; Tg m ), for example, the values described m Fre^ymer Handbook 
Third Edttiot ey * snce 1989 ma be ;se 

[SG21J Among the monomers constituting the polymer biock (A), as st least one monomer selected from the group 
consisting of methacryiate esters, slyrene, and w-methylstyrene, because c <r t I \ s i >ather 

ability, and heat resistance, methacryiate esters are preferable. Examples of such methacryiate esters include, but are 
not limited to, alkyl esters aryl rs. and araikyi e - > T i- f 1 r ac s Ex Tuples of methacryiate esters include, 
but are not limited to, methyl methacryiate, ethyl methacryiate, n-butyi methacryiate, jsobuty! methacryiate. tert-buty! 
methacryiate. 2-eir hexyi methac ite t « > methacryiate, steary; methacryiate, cyciohexy! methacryiate,: benzyl 
methacryiate. 2-hydroxyethyt methacryiate, 2-hydroxypropy! methacryiate, diethylaminoethyl methacryiate, giycidyl 
methacryiate, tetrah fed i t I methacryiate yier glycol dimethacrylate tetra- 

ethylene glycol dimethacrylate, 1 ,3-butylene glycol dimethacrylate, irimethyiolpropane trimethacrylale, isopropyl meth- 
acryiate, penty! methacryiate, hexyi methacryiate, heptyl methacryiate, octyi methacryiate, norsyi methacryiate, decyl 
methacryiate, dodecyi methacryiate.. phenyl methacryiate, tolyl methacryiate, isobornyl methacryiate, 2-methoxyethy! 
methacryiate 3-methoxyb hi iminoethyl methacr, _r ! ^ 1 i c x a 

S-methacryloyioxypropyldimethoxyrneihylsllane, inrluoremeihyi methacryiate, pentaffuoroeihyi methacryiate, 2-ami- 
noeihy! methacryiate, 2-(N,N-dtmethyiamino)ethyl methacryiate, 3-amlnopropyi methacryiate, 3-{N.N-diefhy!amino) 
propyl methacryiate, and 2,2.2-thflooroethyl methacryiate. These compounds may be used alone or in combination. 
Among these methacryiate esters, because of the excellence in heat resistance, weatheraoliity, oil resistance, and; 
strength of the resultant copolymers, methacryiate esters of alcohols containing 4 or iess carbon atoms, such as methyl 
methacryiate, ethyl methacryiate, and rvbufyi methacryiate, are preferable, and methyl methacryiate is particularly 
preferable. 

[0022] Additionally by adding methacryiate esters having functional groups, when the resultant block copolymers 
are molded, crosslinking reactions can be carried out using the functional groups. Thereby, moicsed objects having 
excellent strength a it c ssit e to produce molded objects having excellent 



compatibility w 
but are hot Sirr 
group. Examp 
group-containi 


'ith various resins and rubbers using ih 


ife functional igroi 


jps. Examt 


pies of such functional groups ir 


sclude. 


lited to, a hydroxyl group, an amino gr 
es of the n < 1 rs < aim: 
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1 2-hydroxypfopyi methacryiate, 




group-containi 


no methacryiate esters, such as 2-8! 
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group-containi 
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ymeth- 


yisiiane. Aiten 
methacryiate i 


latively. after the monomers are polyrr 
jsmrs mav be used alone or m combine 


serized. carboxy 
:tion. Ifthecontei 


i groups m 


ay be introduced by hydrolysis, 
i i i - in meih£ 


These 



ester is too high. It may be brittle when the block copolymer Is formed ace cresslinKeo. ■> nereiore, me cement or me 
f Un n i 1 1 s^ ha by weight, and i >re preferably less than 

5% by weight of the polymer block (A) However, this does not apply to the case when functional groups are introduced 
In order to improve compatibility with various resins, rubbers, etc. 

[0023] i 
ast one monom*" - s« s met tci metnacryiafc 

jst s, vinyl acetafc styrene. cemethylsiyrene, but t I chloride. These monomers may be used 

s»lo e or m no - ' >im ic Additionally, aft be saponif xstadien 

unit or isoprene unit may be hydrogenated, or the butadiene unit, i i jnit rvin > < it be chlorinated. 

[0024] Among the monomers constitu j 1 i r - ' r ^ < ^ i rytate e ter n e, bu are not 
limited to, alky! esters, aryl esters, and araikyi esters of acrylic acid, Examples of acrylate esters include, but are not 
limited to, methyl acrylate, ethyl acryiate, n-propyi acrylate, isopropyl acrylate, n-butyl acrylate, hexyi acrylate, 2-ethyl- 
hexyl acryiase, cyclohexyi acrylate, octyi v< decyi acrylate. dodecyi acrylate. phenyl acrylate, toiyi acrylate. benzyl 
acrylate isobornyl acrylate 2-mett xyethyi acryiate * - t ' scryiate 2-hydroxypro- 
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pyi aery :ate. steary! acryiate, giycidyl acryiate, 2-acryloyloxypropyldimethoxymetbyissiane. 2-8eryloyloxypropystrimeth- 
oxysliane, i 1 > n ► I acryiate. penfafluoroethyl acryiate, 2.2,2-trifiuoroetbyl acryiate, 3-dimethyiaminoetby; acr- 
yiate, isobutyl acryiate, 4-bydroxybutyi 3crylate, tert-butyt acryiate, acryiate of alkyl-modifieci dipentaeryihntoi, ethylene 
oxide-modified bisphenoi A diaorylate. carbitc! acryiate. acryiate of mcaproiactone-modified dipentaerythritol. caproi- 
actone-modifted tetrahydrcfurfutyl acryiate. diacryiate of caprolactone-modified neopentyi glycol hydroxypivalate, d*t« 
nmetbyioipropane tetraacrylate, p ac ' r ! hexaacrylate. oipentaerytfmtol pentaamylaie, teiraettiyleae glycol 
acryiate, tetrabydrcfurfuryi acryiate, triprapyiene glycol acryiate, trtmethyloSpropane ethoxy triacryiate, trimethylolpro- 
pane triacryiate. neopentyi glycol diacryiate, diacrylate of neopentyi giycoi hydraxypivaiaia. 1 .9-nooaadlol acryiate, 
1 4-buta' , ediol «i i [ " f 2 m > "! dtoxa' e-5-v 1 , 

methyl ester, 1 ,6-bexanedio ( I te. 2-a thafete. n 

3-methoxyac-f ate. 2-arnin I a cry I a in ' I 'it h, 1 airy ate famine propyl acryiate 3-fNNd, 
efhylamino)propyl acryiate, aad ailyl acryiate, 

[0025] Among the monomers constituting the polymer block (B), the methacrylate ester is not particularly limited. 
, <a p r t t s i -i i 1>- i ^ itr , r e io me corner Dock t^ 

[0026] Am^nqtne -^onome " nqt ck{8}, in ew of heat resistance and weatherabifity, aeryiate 

esters and methacrylate esters are preferable: in view of flexibility, acryiate esters are preferable; and in view of avail- 
ability ano ..est it . s >* * . l v, t m I r i< s art u ^ atoms such as ethyl acryiate, n-propyl acryiate, 
n-butyi acryiate, and ten-butyl acyiato are more preferable. When the block copolymers of the present invention are 
used as textiles, in view of texture, surface properties, and flame retardancy, vinyl chloride is preferably used. When 
the block copolymers of the present invention are used as modifiers for polar resins, such as polyester resins and 
polycarbonate resins, preferred monomers for use are as follows: acrylic acid, methacryllc acid, functional group-con- 
taining acryiate esters and functional group-containing methacrylate esters, such as hydroxy! group-containing acryiate 
esters", i r o in < acryiate esters, amino group-containing acryiate esters, amino group-contain- 

ing methacrylate esters, carboxyl group-containing acryiate esters, carboxyl group-containing methacrylate esters, 
©poxy group-containing acryiate esters, epoxy group-containing methacrylate esters, silyt group-containing acryiate 
esters, and silyl group-containing methacrylate esters. 

P027] The monomers constituting the polymer block (B) are preferably selected based on the following criteria. For 
example, because of the excellence in flexibility and low-temperature resistance of the resultant block copolymer, the 
glass transition temperature of the polymer prepared by polymerizing the monomers only is 30 6 C or less, and more 
preferably 0°C or less. The glass transition temperature of the polymer block (B) is determined according to the Fox 
equation as In the polymer block (A). 

10928] In view of the strength and workability of the resultant block copolymer, the molecular weight distribution, 
Which is determined by gel permeation chromatography analysis, of the polymer prepared by polymerizing only the 
monomers constituting the polymer block (B) is preferably 1.8 or less, and more preferably 1 .5 or less. 
,0023] Further rnc « flexibility a 5 jmber-a\ » r " « c s ^ m 

by ge pe-ne „ \ >a Ivs s o* 'he polymer prepared by polymerizing only the monomers constituting 

the polymer fc ck(3) prefer; he ran to 1 ,000,000, more preferably In the range of 3,000 to- 500,000, 

and most refe ibly the range o it ' 1 

[0030] As described above, the block copolymer of the present invention is produced by forming the polymer block 
(A) and then by forming the polymer block (8), and furthermore by coupling them to each other Alternatively, the 
polymer block (A) aim tht poVme-bi cx R - J lately and teen r , r w v of » oi k abi ty 

a It' -xm 1 t * - * " n t ied^ m ^ - *■ e it k t n m ih 

weight distribution, which is determined by gel permeation chromatography analysis, of the block copolymer is prefer- 
ably 1,8 or less, and more preferably 1.6 or iess. 

[0031] Thethiocarbonylthio group-containing compound used as a chain transfer agent us the radical polymerization 
describee above is at least one compound selected from the group consisting of a compound represented by general 
formula (1): 



S 

I! 

-G- 



■SfR 1 



0) 
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monovalent organic group of 1 or more carbon atoms which may contain one of nitrogen, oxygen, syifur, halogen, 
silicon, and phosphorus atoms, or which may be a polymer; when plural Z 1 s are present, the p;ura! Z's may be the 
same or different; and p is an integer of 1 or more), and a compo ' fc 1 ic'a P 



(wherein R s is a monovalent organic group of 1 or more carbon atoms which may contain one of nitrogen, oxygen, 
sulfur, halogen, silicon, phosphorus, and metal atoms, or which may be a polymer; 7? is an oxygen atom (when q * 
2), sulfur atom (when q * 2). nitrogen atom (when q ~ 3). or q-vaient organic group of 1 or more carbon atoms which 
may contain one of nitrogen, oxygen, sulfur, halogen, silicon, and phosphorus atoms, or which may be a polymer; plural 
R^s may be the same or different; and q is an integer of 2 or more). 

[0032] - -> or % , — jt ' m t i , ttnto structure represented by general formula (1 ), R 1 is not particularly 
limited. In view ... avai -. i ,\ of the compound, preferably, R 1 has 1 to 20 carbon atoms, and p ss 6 or less. Examples 
• R v if I >stm <. l K - k, ,u s c ra\yl a polyvalent aliphatic hydrocarbon group, a polyvalent 
aromatic hydrocarbon group, a polyvalent aliphatic hydrocarbon group with an aromatic ring, a polyvalent .aromatic 
hydrocarbon group with an aUphatic group, a polyvaient aliphatic hydrocarbon group containing a heteroatom, and a 
polyvalent aromatic substituted hydrocarbon group cont^n ^ h ml in I c ^ < > l> * compound 
and polymerization activity. R 1 is preferably benzyl. 1-phenylethyl, 2-(2^heny!propyi), 1-acetoxyethyl, 1 -(4-methoxy- 
phenyi)ethyf ethoxycarbonylmethyl, 2-{2-ethoxycarbonyipropyl), 2~(2-cyanoprppyJ>, tert-bulyl, 1,1,3,3-tetramethyl- 
butyi, 2-{2-(p-chloropheny!)propyi), vinylbenzyi, tert-butylsulfide. 2-carboxylethyl carboxyimethyl. cyanomethyl, 1-cy- 
anosthyi, 2-(2-cyanobutyl). or any one of organic groups represented by the foiiowing formulae. 




q 




•CH2-C<>{cH 2 CH 2 o)-CH 3 




n 
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^^ch 2 ch^€&(1hch 2 o--)~ch3 

— (j> CH 2 CH 2 COOH 



(in the formulae, n is an integer of 1 or more, and r is an integer of 0 or more.) 



— CH 2 ~^^^)— CH 2 ~ 
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0T12 




"~CH 2 ~C0-{CH 2 CH 2 0) ? rR 4 -(OCH2CH2)rOC-CH2- 

O CH 3 CH 3 O 

— CH 2 -CO-(CHCH 2 0) r -R 4 -{OCH 2 CH} r -OC~-~CH 2 --" 



CN 



CH 3 

CN 0 CH 3 



9 ? N 



CH2CH 2 -CO-(CH 2 CH20)r-R 4 -(OCH2CH 2 )rOC"CH 2 CH 2 



1h~ 

UH3 



CH 3 Q CN 
H 3 CH 3 



(In Use formulae, R' ,; is 3 dsvasent organic group of 1 or more carbon atoms: n is en integer of 1 or more: r is an integer 
of 0 or more; and plural r's may be the same or different.) 
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-pCH 2 CH 2 Ca-(CH 2 CH 2 0)R-CH 2 CCH2-(OCH 2 CH2)rC 

CH 3 



> CN 
;CH 2 CH 2 C— 
CH 3 

9N 
;H 2 CH 2 *p— 
CH 3 



<fN 0 9H3 <pf 2 CH 3 O CM 

-(J)CH 2 CH 2 CO-(CHCH 2 0) ? — CH 2 CCH 2 -(OCH 2 CH)r-OCCH2CH 2 9— 



CH 2 - 



CH 3 

-(OCH 2 CH) r OCCH 2 CH 2 £~~ 

CH 3 



(Irs the formulae, n is an integer of 1 or more; r is an integer of 0 or more; and plural r's may be the same or different.) 
25 [0033] In the above formulae, in view of availability of the compound, preferably, each of n and r is 500: or less* 
Preferably, M* has 1 to 20 carbon atoms. Examples of R 4 structures include, but are not limited to. -{CH 2 ) n - (wherein 
ft is an integer of 1 or more), -C e H 4 - : and -CH 2 -C e H 4 -CH r . 

[0034] in the compound having the thiocarbonylthio structure represented by general formula (1 ), Z- is not particularly 
limited i ! » d > 1 1 * ^e compound and polymerization activity, when Z 1 is an organic group, preferably, .the- 

30 organic group has 1 to 20 carbon atoms Examples of Z 1 snctudeaiicyf. substituted eikyt, uikoxy, eryloxy, aryl, substituted 
aryl, aralkyl, substituted aralkyl,. heterocyclic, N-aryl-N-alkylarnino, N,N-cHarylarnino, M,N-d»aikylan>ino, fhioalkyl, and 
dialkyiphosphlnyi groups. In view of availability of the compound, Z 1 is preferably phenyl, methyl, ethyl benzyl, 4-chio- 
rophenyl, 1-naphthyS, 2-naphthyl, diethoxyphosphinyl. n-buiyi, tert-butyi. methoxy, ethoxy, tniomethyl (methylsulfide), 
phenoxy. thiopbenyi {phenyisuitide), N.N-dimethylamirto. N.N-d-ietfcylamino. N-phenyi-N-methylamlno, N-phenyl-N- 

3$ ethyiamino, thiobenzy! {benzyisuiiide}. pentafiuorophenoxy, or any one of organic groups represented by formulae 
below. 



40 



45 



60 




-SCH 2 CN 
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CH 3 CH 2 CH 3 
— S-C-CN — S™G-CN 

cb 3 ch 3 



CH 3 



~S~G~COOCH 2 CH 3 
GH 3 



|0035] In the compound having the ihiocarbonysthio structure represented by general formula (2). R 2 is not particularly 
limited. In view of availability of the compound and polymerizatior) activity, preferably, R 2 has 1 to 20 carbon atoms. 
Examples of R in » < it* j -> tut 1 It j s s\ In view, of availability of the compound, 

R z is preferably benzyl. 1 -phecyseihyi, 2-{2-phenylpropyl). 1-acetoxyethyi, 1 -(4-methoxy h )ethyl Iboxycarbortyl- 
methyl 2-^2-ethox/^ i propyl, er* butvl 1 n -roohnnvhr c 

pyi), vinyibenzyi, tert-butylsuifide, 2-carboxytethyl, carooxyimeihyl, cyanomethyl, 1-cyanoethyL 2-(2-cyanobutyl), or 
any one of organic groups represented by formulae below, (wherein n is an integer of 1 or more, and r is an integer of 
0 or more), 



o 

-CH 2 -CO-(cH2CH 2 o)-CH3 



9 ft* , 
-CH 2 -C0fCHCH 2 O7-CH 3 



~™C™CH2CH2-~CO^CH 2 CH 2 0)"CH3 
CH 3 n 



CN ? CH 3 

™C-"-CH 2 CH2~™-CQ^CH€H 2 0"j~CH3 
CH 3 
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CN 

— <pH3H 2 CH 2 COW 
CH 3 

10 [0036] in the above formulae, each of n and t is preferably 500 or less in view of availability of the compound, 

[Q937] in the compound having the t c c ii< > tu represente > g« » iia{2 Z ? is not partial » 
nit^u In^ f,' i ! t u i n yo p preferably, the 

organic group has 1 to 20 carbon atoms, and q is 6 or less. Examples of P include a polyvalent aliphatic hydrocarbon 
group a polyvalent arc >n r"-oup a pofyyaler aliphatic hydrocarbon group v 

*5 mvrr , i , i f n i , - > ,c a „ c talent aliphatic hydrocarbon group containing a 

hetarc-i- 1 p it a s bstituled hydrocarbon group containing a heteroatom. in view of availability 

of the compound, preferably 2 s baa any one of the structures represented by formulae below, (wherein n is an integer 
of 1 or more, and r is an Integer of 0 or more). 



25 



39 



40 



45 



i,0 
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•O-{CH 2 0H 2 O)i 



— o-iCHCCH^CHaOJr- 

[9038] In the above formulae, each of n and r is preferably 500 or less In view of availability of the compound. 
[0039] Among the thiocarbonyithio group-containing compounds used in the present invention, in view of availability 
;i o'h'fi Irtdd.L t Km- i K > ? r ^ d is d compound represented by general 

formula (3): 



Z 1 -C-S-R 2 (3) 



(wherein R ; ' is a monovalent organic group of 1 or more carbon atoms which may contain one of nitrogen, oxygen, 
sulfur, halogen, silicon, phosphorus, and metal atoms, or which may be a polymer; and Z- is a hydrogen atom, halogen 
atom, or monovalent organic group of 1 or more carbon atoms which may contain one of nitrogen, oxygen, sulfur, 
halogen, silicon, and phosphorus atoms, or which may be a poiymer). In view of availability of the compound and 
polymerization activity, preferably, R 2 has 1 to 20 carbon atoms. The specific examples of the structures of R 2 and Z? 
in the formula are the same as those described with reference to R a in general formula (2) and Z 1 in general formula 
(1"), respectively. 

[0040] In the present invention, when the polymer blocks (A) and (8) are synthesized separately and then are coupieo 
to each other to produce an A- 8 -A iribiock copolymer, because of ease in production, preferably, a compound repre- 
sented by general formula (3) is used as the thiocarbonyithio group-containing compound used for the preparation of 
the poly mer block (A); and a compound represented by general formula (4) below is used as the thiocarbonyithio group- 
containing compound used for the preparation of the poiymer block (8): 

S S 
Z^-C-S-R^S-C-Z 1 (4) 



(wherein R 3 is s divalent organic group of 1 or more carbon atoms which may con" > .-e . ' " x>« « <>>. - - f 
45 halogen, silicon, phosphorus, and metal atoms, or which may be a polymer; each Z* s nydr ^ t >n ue 
atom or mono nt group ol or more carbon jtoms- wh'ch ma^ rontam one of n frogen ox> ien sulfur 

halogen, silicon, and phosphorus atoms, or which may be a polymer; and swo Z 1 s may be the same or different). 
3pe ic examples of sre t i se describe h re ^nce to Z 1 ,n general 

formula {1}. 

so [004 ] In the thiocarbonyithic nta > i ii formula (4 bly, R-' h 

I 2 t n t n t t t-\ m i j rr i- i ■> Pt riv 

R» has any one of the structures represented by formulae below. 
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-CH 2 -CO-(CH 2 CH 2 0) fr R 4 -(OCH 2 CH2)rOC— CH 2 - 



0 CH3 CH 3 ^ 

-CH 2 -CO"1.CHCH 2 0)r— R 4 -{OCH 2 CH}r-Oe--CH 2 - 



m 0 9 cn 

-C-CH2CH2"-CO-(CH 2 CH 2 0}rR 4 -{OCH 2 CH 2 )rOC--CH 2 CH 2 -^--- 
CH 3 CH 3 



--Cr-CH^CH ? "CO 



CH 3 



-■■^CH 2 GH 2 -C0-(CHCH 2 0} r -RSoCH 2 CH)r^OC~CH; 
CH 3 



CH 3 . 



(in the above formulae, R 4 is a divalent organic group of 1 or more carbon atoms; n is an integer of 1 or more; r is an 
integer of 0 or more: and plural r's may be the same or different.) 



— CH 2 ~ 



9H 3 « CH 3 




[0042] in the above formulae, each of n and r is preferabiy 500- or less in view of availability of the compound. 
Preferably, R 4 has 1 to 20 carbon atoms. Examples of R 4 structures include, but are not limited to, -iCH 2 ) n ~ (wherein 
n is an integer of t or more}. -C 6 H 4 - ; and -CH 2 -C 4 H 4 -CH 2 -. 

[00431 Specific examples at compounds h > ;th ocarbcnylthio structures, which are used in the present inven- 
tion tm jj c ' 1 1 t limited compounds ref ow, (wherein Me, Et, Ph, and c represent 
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of 1 or more: r is an Integer of 0 or mors; and plural r's rr 



Ph-C-S-CH 2 Ph Ph-C~S~-CHPh 
Ph-C-S-CPli Ph-C--S-CHOAc 

Me-C~™S~CH 2 Ph Me-^-S-CH 2 COOEt 

S Me S Me 

Ph-C-S-CCOOEt Ph-C-S-CCN 

Ph-C-S-Cye Ph^-S-<pCH 2 CMe 
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Ph-C--S-^^Vci 

Ph-A-s-cH^-Qr^ 

EtO~P-C-S-CH 2 Ph Ph C-S-S-CMe 

OEt Me 

ci— ^)-c-s |ph 




Ph-C-S-(!:CH 2 CH 2 COOH Ph~^S-CH 2 COOH 
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NCCH 2 ~S-C-0^_y~o4-S-CH 2 CN 

4ch 2 




I 

CH 2 -S-C-Ph 



Ph-6-S-CH 2 — CHa-S-C-Ph 
EtO-C-S-CH 2 ^^~^CH 2 -S-C--OEt 
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S M® f~\ Me S 
EtO-C-S-C-^ y--C-S-~C--OEt 
fife ilia 



8 Me r — * Me S 
ye N=v Me 



19 f t 

Ph~(>-S-eH 2 C<>~CCH 2 CH 2 0)r^ 



S Q Me 0 S 



S CN O 0 p | 

Ph~C~S-9CH 2 CH 2 CO"(CH 2 CH 2 0)irRHoCH 2 CH 2 }r-OCCH 2 CH 2 (^S~C- 



I CN O ye Me 0 CN S 

Ph"C~S-CCH 2 CH 2 CO-(CHCH 2 0)r-RSOCH 2 CH)r-OCCH 2 CH 2 G--S-C- 
Me fie 
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f 9 N 9 f* 9 cn s 

Ph~C--S-^CH 2 CB 2 CO~(CH^ 

Me Me 

O OH | 

CH2— (OCH 2 CH 2 )rOCCH 2 CH2C~-S-C-Ph 

l4$ 



I CN O ^ B Me O CN I 

Ph--<;-S^CH 2 CH 2 CO-(CHCH 2 0)r^H2CCH 2 iOCH2CH)r-<5CCH 2 CH 2 C--S--"C"-Ph 
rifle Me 

Me O CN S 

CH 2 ~-{OCH 2 CH}r-OCCH2CH 2 9-5~C-?h 
Me 

[0044] in the above formulae, each of n and r is preferably 500 or less in view of availability of the compound. 
Preferably. R 4 has 1 to 20 carbon atoms. Examples of R 4 structures include, but are not limited to. •(CH 2 ) n - (wherein 
n is an integer of 1 or more), -C 6 H 4 -. and -CH 2 -C 6 -H 4 'CH 2 -. 

[0045] The amount of the thiocarbonyithio group-containing compound used in the present invention is not particularly 
« i or the monomers used, in general, since the number of moles 
of the resultant polymer is substantially equal to the number of moles of the thiocarbonylthio group-containing com- 
pound, the molecular weight of the polymer can be controlled by adjusting the molar ratio of the monomers to the 
thiocarbonylthio group-containing compound. When the rate of reaction of the monomers is 100%, the theoretical 
molecular weightof the resultant polymer is represented by (x/y) x Mm + Mr, wherein Mm is the molecular weight of 
the mowomers used, x is the number of n >ies J the monomers used, Mr is the molecular weight i* - - bo thic 
- i nta - pound, and y is the number of moles of the thiocarbonylthio group-comaimng compound used. 
Consequently the asT'oun" >e ihi t o qroup-containing compound used may be calculated based on the 

'Hjmbe , '-a\e<-age mok ca 1 1 i > r opoymer. 

[0045] The technique used for radical polymerization is not particularly limited when the block copolymer of the 
present invention is prepared. Any method commonly used in the art, such as bulk polymerization, solution polymeri- 
zation, emulsion polymerization, suspension polymerization, or mscrosuspension polymerization, may be employed. 
Among them, in view of cost and safety, water-based polymerization, such as emulsion polymerization, suspension 



poiym 



|0047] ht* , i ! r he monor std i I >f 5 

, t * ■ i)i > t j - ane.hexane, octane, and mineral spirit; ester solvents, such 

as ethyl acetate, n- butyl acetate, iscbutyl acetate, ethylene glycol monomethyi ether acetate, and diethylene glycol 
monobutyl ether acetate: Ketone solvents, such as acetone, methyl ethyl ketone, methyl isobutyl ketone, ditsobutyl 
ketone, and cyciohexonone: aicoboi solvents, such as methanol, etbanoi, isopropanoi, n-butanoi, sec-butanol, and 
isobutant eth« solvent* n a ahyd fura is ^ jfher, ctbutyi ether <ane, ethyle jiycosd ieth eth? 
and ethylene glycol diethyl ether: amide solvents, such as dimethylformamtde. diethylformamide, dimethyiacetsmide, 
and die'hylacetemide: and c petroleum solvents i 51 manufactured 

by Cosmo O I Co L J } Swaso 10 r d by Cosmo Oil Co Ltd.). and Swasol 1500 (manufactured by 

Cosmo Oil Co., Ltd.). These solvents may be used alone or In combination. The types and amounts of solvent used 
may be determined in consideration of the solubility of the monomers used, the solubility of the resultant polymer, the 
polymerization initiator concentration and the monomer concentration suitable for achieving a satisfactory reaction 
rate, the solubility of thf n h l f a <. ~ - n n r, f n ^ d t. r 

ad i c! st en, and a'e ret ortic > f ti ed ie\% ^ i m 1 nc ■> oa k ~ene dime h 

ylformamide, tetrahydroruran. and acetone are preferable, and dimethyiformamlde and toluene are more preferable. 
[9048] in the present invention, in the case of emulsion polymerization or microsuspenslon polymerization of the 
monomers, examples of emulsifiers which may be used include, but are m : a :s such as 

fatty acid soap, rosin acid soap, sodium naphthalenesutfonate^ormalifrcondensates, sodium alkylsutfohate (e.g., so- 
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clum ciodecy! sulfonate), sodium alkyibenzene sulfonate, sodium aikylsuifate (e.g., sodium dcdecyl sulfate}, ammonium 
alkylsuifate, triethanoiamine s-kylsulfate, sodium piaikyisuifosuccinate. sodium aikyfdsphenylelher disuifonate, sodium 
> f c sikyl ether sulfate, and sodium polyoxyethytene aikylpheny! ether sulfate; nonionic surfactants, such 
as polyoxyethylene alkyl a!- ier, polyoxyethylene higher alcohol ether, sorbitan fatty acid ester, polyoxyethylene sorbitan 
S iaiiy acio ester, poiyoxyelhyiene sorbitol fatty acid osier, glycerin tatty acid ester, po;yo:<ye;hylene fatty acid -aster, 
polyoxyethylene ateyiamine. and alky alkartearnlde and cahonic surfactants, such as slky-trlmethylanmonlum chlo- 
ride. These emuisifiers may be used alone ir it such as an alkyiamine 
hydrochloride, may be used o a d sce f s^ polymerization v» i > \ -^ay also be 

{ JOt, C !> r II 1 i. 11 < C a ' O* U 1 LI l L t o t t 3 ' 

'« that j / f ^ o t f> * i 1 y weigh based on 

1° f f - i r i- 1 * h t i 

state, nonio I < - cation state, vario s emulsifying 

aids may also be usee. Examples of emulsifying aids Include, but are not limited to, linear hydrocarbons, such as 
hexadeeane; hydrocarbon polymers, such as polyethylene, polypropylene, pelybutadlenc, and hydrogenated poiyb- 

1S utadiene; polar organic solvents, such as acetone, eibanol, ana methanol; and higher alcohols, such as octyi alcohol, 
decyl alcohol, and lauryf aicoho The amount of th emulsifying <• if 5 i 1 'ted, 3 seof 
le - r f . , - < e I > - . >st and effect, the amount of the emulsifying aid used is preferably 0.1 Jo 20 parts by 
v<- edit nd ui >r< ( 1 i l f >. s bv weigh of the emulsifier 

[0049; te f a case o* J the monomers, any dispersant commonly used may be used 

so I ampies of spersai s include, but ar . t 1 if fi< (vinyl acetate), poiyi tn\ io 

methyl cellulose, carboxym e ' ens oxide), e ombinat ns lie s i 

dispersing agents, These may be used alone or in combination. The emulsifier used for emulsion polymerization de- 
scribed above may also be used as necessary. The amount of the dispersant used is not particularly limited. Because 
of the fact that polymerization proceeds smoothly, the amount of the dispersant is preferably 0. 1 to 20 parts by weight 

25 based on 100 parts by weight of the monomers used. 

[0050] The polymerization initiator or polymerization initiation method used for the radical polymerization is not par- 
ticularly limited, and any polymerization Initiator or polymerization initiation method commonly used may be employed. 
Examples of polymerization initiators include, but are not limited to, peroxide polymerization initiators, such as methyl 
ethyl 'kdtpn«' peroxide, methyl isobutyi ketone peroxide, cyciohexanone peroxide, methyl cyciohexanone pe-oxloe, 

30 jsobutyry! peroxide 3,5,5-trin m ioy( peroxide, lauroyi peroxide, benzoyl peroxide, ten-butyl hydroperoxide, 
cumene hydroperoxide, diisopropyi benzene hydroperoxide, p-menthane hydroperoxide, 1 ,1 ,3.3-tetramethylbut/l hy- 
Jr jrrrx < t r u«, r eroxide, 1 .4-bis[{tert-butyiperoxy)isopro- 

pyilbenzene. 1 ,3-bis[(iert-butyiperoxy}isopropyijbenzene, 2,5-dimethyi-2,5-bis(tert-butylperoxy)hexane, 2,5-dimethyi- 
2,5-bisftert-butyiperoxy}-3-hexyne, 1.1-bis{tert-butytperoxy)-3,3,5-trimethylcyciohexane, n~butyi-4,4-bis{tert-buty!per- 

35 oxy)vaterate, 2.2-bis i t> buiam ten tyi roxy acetate, tert-butylperoxy isobutyiate, tert-butyiperoxy 

octoate, tert-butylperoxy pivalate. tert-butylperoxy neodecanoaie, tart-buty!peroxy-3,5,5-trimetbyi hexanoate, tert- 
bteyiperoxy bon;roate, teri-butyiperoxy i iLt t ic h a bisn2-eihyihexy!;;peroxy 

{3~methoxybutyl)peroxydlcaroonate. bis(2-e!hoxyethyi)peroxy dicarbonate, bis(4-iert-butytcyclohexyi)peroxy dicarbo-- 
40 nate, O tett buiyl-O t roxy ca donate, and succinic acid peroxide; azo polymerization initiators, such as 2,2- 
, m i r " 2 o^obisf! obu yae) 2 ' i c f-dim 

lv mi t> inb-t f r i t h«xa^e-1-carbonitrile), azocumene. 2,2'-azobis(2-methyibu- 

tyronitrile), 2,2--azobis-(2,4-C:methylvaieronitriie. 4,4 > -azobis(4-cy3novateric acid), 2-(ted-buiyla/.o)-2-cyanopropane, 
2,2'-szobis 5.4-t \ Ihylpentane), and 2 2 - v. 2 nett ,'p ooane); inorganic peroxides, such as potassium per- 
45 ulmtoa ' u, r i - t < n < ^ - - - * s * nds 

which generate radi> a t- i v^ku/s . , »n Jt to > n \ vte 

it- nr ""ft in l ( - > i > t i r j i r- 

suifbxyiate, ascorbic acid, ferrous sulfate, or the like, as a reducing agent, and potassium peroxydisuifate, hydrogen 
i rui |. i)i i i r an a 

so or in combination. If may also be possible to use a polymerization: snlfiahon system by electron Irradiation, X-ray irra- 
diation, radt i t \ h qc pact * i f J n 1 » r e 
mett sdesc d S >m n f be Cher stryoft 1 > H P< gamon, London, 1995, 
pp. 53-95 may be employed. 

[0051] in the present invention, the amount of the polymerization initiator used is not particularly limited, in order to 
53 produce a polymer with a narrow moiecuiar weight distribution, the amount of radical species generated during polym- 
e c f oi-eptercabii 0 5moiesor'e=b ela irbonylf ) group 

in the thiocarbooytthio group-containing compound. In order to control the amount of radical species generated during 
poiyrm zation ^ s - 1 o te tee conlro! of the amt 1 1 bly, temperature is cc 
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trolled in the case of the polymerization initiator which causes thermal dissociation, or the amount of energy is controlled 
in the esse of < d t 1 ' as Because c 

esse of control of polymerization, using a polymerization initiator which causes thermal dissociation, the polymerization 
, er , , i 1 - <,t < i <h i v t i et - * ' 1 •> ' 

s hours, more preferably at temperatures which silow the polymerization initiator to have a half-life of 1 to 20 hours, and 
most pretersbw at temperatures which allow the poiymenzation initiator to have a half-life of 5 to 15 hours. 
[0952] The block copolymer of the present invention ;s prepared using the solvent, hum u polymerization initiator, 
etc., as wiii be described below. 

[©053] The th c r b r r i jent, as required, s 

*o that the thiocarbonyltbio groups are converted into mercapto groups or mercaptide groups. The processing agent used 
'i - i rni ' I t i Id, preferably, a m * l m< is ^- ,r \ J Ami he thiocarf 

onyithio group-contain ng cor po - ha pmoessing agent composed of a compound selected 

from the group consisting of bases, acids, and hydrogen- nitrogen bond-containing compounds. Among them, when a 
base or an acid is used, in the presence of water, thiocarbonylthio groups are converted Into mercapto groups by 
is hydroiy henahym i s sed, the presence of water is not required, which 

is preferable. 

[0054] Examples of bases which may be used as processing agents include, but are not limited to, alkali metal 
hydroxides, such as sodium hydroxide, potass urn hydroxy am l i hyd v^r -. 3 t stal hydroxide* 
such as calcium hydroxide, magnesium hydroxide, barium hydroxide, and cesium hydroxide; transition metal hydrox- 

2Q ides, such as aluminum hydroxide and zinc hydroxide; aikali metal aScohoiafes, such as sodium methyiate, sodium 
thyiate )diu j enyla y! i urn butylate; alkaline-earth metal aicohoiates, such as magnesium 

m t*wi to and -> ( h\i it as soa'um h\dr ae I rid t ^d r de irhium 

aluminun «}r«ie, and aluminum t ride, and org; letallic rea ts, such as hydrosu! >utyRrthium, tart 
butyiiithium. ethylmagnesium bromi < i ( h< I u i ' i.' r * 3 i " *• 

2S lithium, m< tat :s odium md - < ta c p d.assium and alkaline-earth metals, such as metallic magnesium and metallic 
calcium may also be used. These bases may be used alone or in combination. Among them in v« of jvaiisb !it> 
cost, and reactivity, preferred are sodium hydroxide, potassium hydroxide, lithium hydroxide, caicium hydroxide, mag- 
nesium hydroxide, sodium methyiate. sodium ethylate, sodium hydride, lithium hydride, metallic lithium, metallic sodi- 
um, and m t ^ L'm. Because of esse of handling, more preferred are sodio 

so lithium hydroxide, calcium hydroxide, magnesium hydroxide, sodium methyiate. and sodium ethylate. 

[00551 Examples of acids which may be used as processing agents include, but are not limited to, inorganic acids. 
Such as hydrochloric acid, nitric acid, sulfuric acid, phosphoric acid, hydrofluoric acid, hydrobromic acid, fluoroborie 
acid, chforosulfonic acid, hydriodic acid, arsenic acid, and siiicofluoric acid on c h -as c-toluenesulfon c 

acid, irifiuoromethyl sulfonic acid, acetic acid, . fLo, oacobo acid, methytphosphoric acid, elhylphosphoric acid, n-pro- 

3$ pyiphos i c c acid, n-butyiphosphoric acid, laun/lphosphoric i phork cid 

> f tlidiv > r , r h r m i i if ipho n in ar d di 

isopropyidithiophosphoric acid, and phenyiphosphonic acid; and strong acidic ion exchange resins and weak acidic 
Ion exchange resins. Furthermore, compounds which show acidity in reaction with a small amount of water may ai'so 
be used. Examples of such compounds include acid anhydrides, such as acetic anhydride, propionic anhydride, trif- 

40 xoacetic a e i 1 and succinic anhydride; acyi baiides; and metal halldes, such as titanium 

t achlo e alu n .ride, and siiicon chloride. These acids may be used alone or in combination. Among them, 
in view of availability, cms;, and reactivity, preferred are hydrochloric acid, nitric acid, sulfuric acid, phosphoric acid, 
alumin c e.ti *ur m e. chlorosulfonic acid, p-toluenesuifonic acid, triftur >v sold, ace 

tic acid, and influoroacetic acid, 

ts [00561 Examples of hydrogen-nitrogen bond-containing compounds which may be used as processing agents in- 
clude, but are not limited to, ammonia, hydrazine, primary amine compounds, secondary amine compounds, amide 
compounds, amine hydrochlorides, hydrogen-nitrogen bond-containing polymers, and hindered amine light stabilizers 
(HALSs). 

[0057]. Among the hydrogen-nitrogen bond-containing compounds, specific examples of primary amine compounds 
SO include, but are not limited to, N-(2-arninoethy!;ethano!amine, 12-aminododecanoic acid, 3-amlno-1-propanoi, ai- 
p O , r t- r |- i t y r e _ e r n jx, f 

pylamine. 3-ethoxypropylamine, 3-t'diethylammo)propyJamine, 3-{dibuty!amino)propylamine, n-butyiamine, tert- 
•jotv ir i <e- >m ic- v lire ne - iem la nn ->Wup i, m -e Z (d.mr'hyl tmi x^prooy'an N "X'hvl 

33 p ' p a, ei v.propv " ' omrim- I m c f <<< ' - , - ' m i.fr^ii . methvene- 

ss tetramsne. tetraet c a i N x met hexyiamine, 1,4-d 

"Tji >i i 2-t cmmiOD- jp mc < i jiammopropsne, diammofDaleomtr-ie, cydohexvia" -e Ai^ "ai 

by Ajinomoto Co., inc. ), CTU Guanamine (manufactured by Ajinomoto Co, inc.), thiourea dioxide, 2-hydroxyethylami- 

nopropyiamine, hexamet! n i > lamine nonomethylamine mo"x>rne , ~ ) ! , v azms }-{lauryioxy)pro- 
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pylamine. amsidioe. anfene, p-aminoacetanilide, p-aminobenzok: acid, ethyl p-aminobenzoate ester, 2-amino-4-chfo- 
rophenoi, 2-am:nothiazoie, 2-aminothiophenoi. 2-amino-5-nitrober52onitrile, amlnopbenoi. p-amsnobenzaidehyde, 
4-aminobenzonilrile. anthraniiic acid, 3-isopropoxyaniane, 4-air;ino--;>-hyaroxy-2,7-napbtha;enesuifonic acid monoso- 
dium saii, 8-amsno-4-hydroxy-2-naphthaieoesuiianic acid, xylidine m-xylytenediamine, p--cresidine. diamsidine. 4 4'- 

5 di3fTsinost«bene-2.2 ! -.di$u!fonicacid. 2-amino-5-naphihoi-7-su!fonle acid.. 1 ^-diaminoanarra^lnon©, 4,4'-diamino-3,3 - 
il i / ]\ ' < s i j i n t I J c r r t i ^ ether, 1i i n h - m it ' 

sutfe acid, tobias acid. 2,4 h f a ii « ^ 3 «> •> 

troanlline, nvnit'G-p-toiuidine o-cnio:-o-p-ic!uidi!ie-;Tvsulfoc!t: acia, pheny'hyUrazlne, phenylenediamine, pheneadine. 
phenethylarnme, benzylamine, b©02opbenone hydrazine, rnesidine, metallic acid. 2-methyi-4-nitroans!ine. ieuco- 

?C< 1 ,4-C:arninoacsiiraquinonc. paramine, aminopyridine, 1 »{2-3minoetbyS (piperazine, M-(3»aminopropyl)morpholine. 
^ m 4 <■ I t f ti , aim -> f -> it drh 

aniline, 3.4-dichloroanlllne, 3,5-dichio'osnilirie, 2-amino-4-chiorobenzoic acid, o-ehloro-p~nltroaniline, 5~chioro-2-ni- 
troaniline, 2.6 ro-4-ni loropb > dichk - - -nethara 3 

diehlorc-4,4 i n i s > ! j 'I i toroan \ \ < siiane, N 

B-iamincet: tj-^ammop Idjmel 3i ' '-amin r op K ethoxysl ne 

[0058] " t ' , > t i • 1 1 > ids specific examples of secondary amine com- 

pounds include, but are not limited to. N-methyiethanolamine. diallylamsne, difeopropyiamine. dtethytamine, di- 
vcbutv imno d 1 * *h\!he> Jamine m <. \ u \r> lydrovyeth" jamine N-ethyleih- 

yienedsar e ethy ta < ,1 < viamme 1 "•dimemythydrazine, di-n-butyiamine. dt-tert-butylamine. dimeth- 

?e ylamine, sodium N-metbyiacetate. N-ethyigniline, diphenylamine, dibenzylamine, ?-aniiino~4-hydroxy-2-naph{hala- 
nesulfonic acid, N-methyianiSine. 2-memyi-4-methoxydiphenytamine, imidazole, 2-mettiylimida2oie. 2-eihy!-4-nneUiyl- 
tr > , 1 3 df(4 pspene j, u t tc n t ^ i 

pij razine, 3.5-dia b 1H-tetrazo!e 5-phenyMH teVazoe 5-methyl-1 H-tetrazole. 1 ,2,3.4-tetrahy- 

ir^c uf h * ill 1 ri t >, pt _ r i p i j < N- 

25 frt hv ptpt iz r ! f. ii i hi 

[0059] Among the hydrogen-nitrogen bond-containing compounds, specific examples of amide compounds include. 
! t .re nt t« i * it f i t a a ~ \ 

^> i ; ' ^ ' i 1 < ^ -ti - t i *■ jl " '< 1 1 t" a i ^ ) ' d L ti 1 1 » 

yiamino}propyl]methaerviamide N.N-elnv « .> j .' *' fde), amide oleate, amide stearate, N,N ! -melbyienebis 

39. (siearoamide), N-(hydto> nide, diacetone ' c, a < f ■ A 

carbazids. thiourea, dihydrazide dodecanedioate, dihydrazide adipate. dihydrazide sebacate. d:hydrazide isophtha- 
late, 1 ,&-hexarnethytenebis{N,N-dim8thylsemicarbazide), formamlde, methacryiamide, N.N'-metbyienebisfaeryta- 
mide), Nr-methyloiacryiamlde acetarwiide, acetoacet-o-anisidide.acetoacetanilide, acetoacet-m-xy isd ide . acetoacet-o- 
chloroariifide, acetoacet-2,5-dirnethaxy-4-chiaroaniisde. scetoacetic tofuidide, 1 .1 ,1 > ,1'-tetrametibyi-4,4 , -(fflethy!enedi-' 

35 p-phenyiene)disemicarbazide, toluene sulfonamide, p-hydroxyphenylacetamide, phthaiimida, isocyanuric acid, 3-car- 
bamoyl-2-pyraz f»e caooxvl c acid imide succinate - c » t lanioin l,3-bis{hydrazinocarboethyi)-5-isopropyi- 
hydantoin. byda v pyrazolidone, 3-methyi-5-pyraz byio!-5,5-d > - i +-chlo'Ophe- 

nyi)-1,-1-dirnethyiurea. brort)ovale«ylurea, 2,6-difiuoro - « 1 jcetamide. 

[0060] Among the hydrogen-nitrogen bond-containing compounds, specific examples of amine hydrochlorides in- 

40 dude, but are not limited to, acetamidine hydrochloride. 2,2'-azobis-(2-smtdinopropar:e)dihyd'och:crld8, monometh- 
y'amtne hydrochlonoe jfrnet a cWoridi nonoethyiamim irocb a, diet jf> <p n in Ic le 

monopropyta 1 1 f > r lorid ion tylamtne byd^oct! ie, dibut 1 iydr< 

It r 3 l 3 ochloride. gut J juanidine hydro loride 2 chloroethylamine 

hydrochloride, cysleamioe hydrochloride, and tert-butyl hydrazine monohydrochloride. 

45 [0961] Among the hydrogen-nitrogen bond-containing compounds, specific examples of hydrogen-nitrogen bond- 
containing polymers include, but are not i ted k - 3d by Nippon Shokubai Co., Ltd.}, poly 
(ethylene inline j, amino poty(acryt amide), nylon 6, nylon 66, nylon 810, nylon 612, nylon 11, nylon 12, nylon MXD6, 
' I ^ c ^ i tn f - t i < '< iaii 

[0082J Among the hydrogen-nstrogen bond-containin cornp i examples f HALSs include duf ar« ot limited 
50 to. Adekasutaba LA-77 (manufactured by Asahi Denka Co., Ltd.), Chimaeaorb 944I..D (manufactured by Ciba Specialty 
Chomkav Tvu in 144 fmanutac eh-, CbaSaei - i V hu ^ -v^v ur-„d bv Asabs 

Denka Co.. Ltd.), Adekasuiebu LA-6? (manufactured by Asahi Denka Co., Ltd ), Adekasutsbu t.A-68 (manufactured 
by Asahi Denka Co., Ltd.), Adekasutabu LA-87 (manufactured by Aaans Denka Co , Ltd ). and Qoodnta UV-3034 (man- 
ufactured by Goodrich Corporation), 
ss [0063] When the thiocarfaenyitt^o group-containing polymer is treated with the processing agent, the amount of the 
pre ss :idic compound or bas compound Is use 

ing agent mMewo't-^ and i activity, the an juntas 01 to 100 > weight, more 

preferably 0.05 to 50 parts by weight, and most preferably 0,1 to 30 parts by weight based on 100 parts by weight of 



HP 1 411 070 At 



the polymer. When the polymer is treated wsh an acidic compound or basic compound, in view of stability of the polymer, 

t after tre o . lydrogen-nitrogs J j compoun 

as the processing agent, because of a high introduction rste of mercapto groups, the amount of the hydrogen-nitrogen 
bond-containing compound is preferably 0.5 to 1 ,000 moles, and more preferably 1 to 500 moies. based on 1 mole of 
thiocarbonyithio g 0^.0 M^ep " c .md ca 1 be recovered 

a i reused t < e he excess p(o< - k /ithan 

a • >< be st. s - 1 ■ iiumlna 

[0084] An > r j nt rung compounds 

in view of no corrosion of apparatus, the fact that neutralization Is not required, and stability of crosstinkabte sily! groups. 
More preferred are ammonia, primary amine compounds *vitr ■ at of "30 C or ess and secondary amine 
compo ids with 1 ' lit pel t< >0*C or seas w of 1 s 1 ct hat the >urificatior >tep after treatment can be 
simplified. Most preferred are ammonia nonomet 1 h iasrwie n view 

of availability. 

[00653 the pfes« 1 < c in sluing vinyl polyms s treated with the process- 

i 4 agent the reaction conditio! > s a j i ti I r sis 

n - f f m c i 1 ig agent is added to 

3 water-based dispersion or emulsion; or a method in which the processing agent is directly added to the solid or 
molten poy t ^ >' t 1 a I > - , i <; 

treatment temperature is preferably -50' C to 300 L 'C, and more preferably -10°C to 20Q°C. 

10060] By using the processing agent, the block copolymers of the present invention, which have mercapto groups 
or mercaptide groups, are obtained. 

|9007] The block copolymers having mercapto groups or mercaptide groups at ends are formed by treatment with 
the processing agent. If necessary, the block copolymers thus obtained are subjected to a coupling reaction to produce 
a block copolymer of the desired type. For example, A-B dibiock copolymers, each including a polymer block A and a 
polymer block B linked So She block A, are prepared, and by coupling the A-8 dibiock copolymers, block copolymers, 
such as A-B-A block copolymers and (A-S)n block copolymers, are prepared. 

[OOSSJ Examples of coupling methods used for coupling the block copolymers having mercapto groups or mercaptide 
groups include, but are not limited to, methods {>} to (x») for block copolymers having mercapto groups, and methods 
(xiijtofxv for x:f polymers hi ingr 5 i - !id« 1 ups £xe es * ou ! methods for block copolymers having 
mercapt - idc {!} a mel '5. n which disulfide bonds are formed between biock copolymers in the presence 
of an oxidizing agent, such as • > t- >t 1 » ' 1 nam dioxide, and thereby the block copolymers are ■.coupled; 
(is) a method in which a compound having at least two isocyanato groups in each molecule is allowed to react with 
block copolymers, and thereby the block copolymers are coupled via thiouretbane bonds ( -NHCOS-}; (Hi) a method In 
which a compound having at least two isothiocyanato groups in each molecule is allowed to react with block copolymers, 
and thereby the block copolymers see coupled via est hiourethane bonds (-NHCSS-): (iv) a method In which a compound 
having at least two unsaturated bonds In each molecule Is added to block copolymers, and thereby the block copolymers 
are coupled; (v) a method in which dehydrocondensation is performed between ape M N yiic acsd and bloc* 

copolymers, and thereby the block copolymers are coupled via thioester bonds; (vi) a method in which iransestenfica- 
iion Is performed between a polyvalent carboxylate ester and block copolymers , and thereby the block copolymers are 
coupled via thioester bonds; (vio a method in which esterification is performed between a polyvalent earboxylic anhy- 
dride and block copolymers, and thereby the block copolymers are coupled via thioester bonds; (vili) a method in which 
acylation is performed between a ^olyva en ac tsiide and block oc « sod the 1 olymers are 

coupled via thioester bonds; (ix) a method in whicl biocf not 1 * a 1 tween a 

arbonatecomp dthel ire rod it n 1 f v v p "s 

to form thiokeisi bonds, and thereby the block copolymers are coupled: and (xi) a method in which block copolymers 
are couplec h n <. nd having at least two hydroxyl groups In each molecule and 

the blocl- lymers N 1 1 v u[ tho k ~ i e "> s , < n'e v i j 

method in which a compound having at least two halogen atoms in each molecule Is allowed to react with block co- 
polymers to form sulfide bonds (Williamson reaction), and thereby the block copolymers ere coupled: (xsii) a method 
in which block copolymers ere coupled by neutralisation between a polyvalent r, ' , acid and the block copolymers: 
j a met mers a - p I rboxy it e;d h lide and 

the block copolymers snd (xv) a methoc vhich* - *< bonds are formed be r in the pre < ' s 

of an oxidizing agent, and thereby the block copolymers are coupled. 

[0069] in addition, it is also possible to use compounds having different functional groups in each molecule. Examples 
of such compounds include, but are not limited to, ketones having an isocyanato group In each molecule, compounds 
having an isocyanato group and an alkenyi group in each molecule, compounds having an isocyanato group and a 
halogen atom in ea h molecule compou Kh noiecule com- 

pounds having an aromatic Isocyanato group and an aliphatic isocyanato group m each molecule, compounds having 
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a carboxyi group and a halogen atom in each molecule, compounds having a hydroxy' group and a halogen atom in 
each molecule, compounds having a mercapto group and a halogen atom in each molecule, compounds having a 
halogen atom and an aikeny! group in each molecule, compounds having an aikenyl group and a mercapto group in 
each molecule, and compounds having an isoeyafvato group and an ethinyl group in each molecule, 
s [00703 Among these methods, in view of ease of reaction and coupling efficiency, methods {i}, (ili), (xin, and fxv) are 
preferred. 

[0071] Among the coupling methods for block copolymers having mercapto groups, when method (i), in which di- 
sulfide bonds are formed between block copolymers in the presence of an oxidizing 3 gent t is employed, examples of 
oxidizing agents which may be used Include, but are not limited to. chlorates, such a? sodium chlorate, potassium 

10 chlorate, ammonium chlorate, barium chlorate, and calcium chlorate: perforates, such as sodium perchloraie, po- 
tassium perchlorate, and ammonium perchiorate; inorganic peroxides, such as lithium peroxide, sod urn p< 
potass - ii roxide. cesium f inesium i r s r \ 

idt p< 1 1 f r t a i hlorite, po m chio) oppen to; bromate* 

such as sodium bromate. potassium bromate, magnesium bromate. one barium bromate, nitrates, such as sodium 

re nitrate, potassium nitrate, ammonium nitrate barium nitrate, and silver nitrate: locates, such as sodium todate, potas- 
um iodaie to. and e; pern nganates, such as potassium permanganate, sodium permanga- 

nate, and ammonium permanganate; bichromates, such as sodium bichromate, potassium bichromate, and ammonium 
bichromate: periodates. such as sodium oenodate; periodic acids, such as metaperiodic acid; chromium oxides, such 
aschrom yihyd i ioxide); ler i n t ties, such as dliodim: eni i 

£'0 i k% such a sc urn mm i Me; hypochlorites, such as calcium hypochlorite; chioroisocyanuric 

acids, such as trichloroisocyanuric add: peroxodi sulfates, such as ammonium peroxodssoifate; peroxeborates, such 
as ammonium peroxoborate. perchloric acid; hydrogen peroxide: nitric acid; halides, such as chlorine fluoride, bromine 
i u le, t Till pentasu ide, and iodine pentafluoride; iodine; and oxygen. These may be used alone or in com- 
bination as long as no danger is involved. It is also possible to use a compound which generates hydrogen peroxide 

25 in reaction with water or moisture in air, such as calcium dioxide. Among them, because of ease of reaction and high 
efficiency p'-efern u ■ uu„ ora-e sodium perchloraie, sodium peroxide, sodium chtorile, lead dioxide, hydrogen 
peroxide, calcium dioxide, and oxygen. 

[0072} When method (ii), in which a compound having at ieast two Isocyanato groups in each molecule is allowed 
to react with block copolymers, and thereby coupling of the block copolymers is performed via thiouretbarve bonds 

SO {-NHGQS-), is employed, examples of the compound having at ieast two isocyanato groups in each molecule which 
may be used include, but are no? limited to, diisocyanate compounds, such as hexamethylena diisocyanate, 2,4-t ** 
diisocyanate n ph< , h < Jus >r> -j tu sonhorone diisocyanate a I n - > v=mate methylenes* » >he» 
ylisocyanate), bssusorw mtoosxane 1 ,5-naphthylene diisocyanate, ethylene dsisut > i, e 

isocyanato, propylene diisocyanate, and tetramethylene diisocyanate; triisocyanate compounds, such as 1,6,11-un- 

35 decane triisocyanate and tripbenyi methane triisocyanate; polyvalent isocyanate compounds formed by reaction of 
these compounds with poiyhydric alcohols; isocyanurafe-modificationso? these compounds; and polyvalent isocyanate 
compound's formed by reaction of these compounds with polyvatent amine compounds. These may be used atone or 
in combination. Among them, In view of availability and reactivity, preferred are hexamethyiene diisocyanate, 
2,4-tolylene diisocyanate. diohenylmeShane diisocyanate, isophorone diisocyanate, xylylene diisocyanate, methyl- 

*0 enebiste, ,a ^ate), and bis(isocA -.r - thexane. 

[0073] In the reaction described above, a catalyst (urethane formation catalyst) may be used as necessary. For 
example, the catalysts cited in Polyurethanes: Chemistry and Technology Part I, Table 30, Chanter 4. Saunders and 
Fnsch interscience Pub mars New fori 1962 >a> >« -sec but usable catalysis are not limited thereto. As the 
ether format * u i < •- r ru r , ■> 1 < ' > ) , t on 

45 preferred because of the* high activity: tin catalysts, suet ,<s t dhM - * ii t ' t~ ,r butyltsr 
dioleylmaleate dibJylhn - b it> i tiihu t laurat ? ' ' 1 H loxycadx ii noxam 
i t i >a . h u It jiacetylacetonate dibutyltin bis{o-phenylphenoxide), dlbutyltln oxide, dibutyitin bis{tn- 
Pihcxvsiln Hi ) t i it. j ill ;t t It V ti irjlyt ~> 

I t if i n j t 1 m i r <t n ounds 

no arsdth analogues, such as ethylami triphe i ' 1 )> nin N,N-dim lytaniiine and pyridine 
[0074] Thea-^oun'. th ~t< > ---d n <■ i n i t i J t s f» 
by Are f. more preferai ) - - at 3 weight nd mo t{ eter b 3 3 to parts by weight baseo on 
100 parts by weight of the block copolymer having mercapto groups or mercaptide groups, if the amount is less than 
0 0001 p ds 1 t t i f n s t ' i i t - "r \ - r < h ; r t - 

ss 5 f the k t aiheraoiliiyandN- ' r 1 

r D0?>] i method l hichscompou at leasts hiacyanato groups i 1 dl 

react with block copolymers, and thereby the block copolymers are coupled via dlthlourethane bonds (-NHGSS-), the 
compound having at ieast two isothiocyanato groups in each moiecuie used is not particularly limited Examples thereof 
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include compounds obtained by replacing the isocyanato groups of the compound having si feast two isocyanato 
groups i« each mclecuie described above with isotbiocyanato groups. 

[00 r iv) in w i i ast two unsatura 3 ich molecule is added t 

copolymers, and thereby the block copolymers coupled, examples of compounds having as least two unsaturated bonds 

s in each molecule which may be used include, but are not ismi'ed to, butadiene, isoprerie. chioroprene. 1 .4-hept3dfene. 
1 .5-hexadtene, 1 ,6-heptadiane, 1 .?-octadiene, divinyl ether, diallyi ether, vinyl acrylate, vinyl methacryiate, ailyi acr- 
date ally! net /late, 1,2-divinyibenzene, 1 t < ' ^ ivinyi ethe :> 

)h I i l t i 1 p t h«. r e h -mpano •< t iy 

ethe' U' ' u 1 < > r moot > i i t L t ox de-modified bisphenot 

m A ciacrylate, acrylate of c-caprolactone-modifieo ) r f dlaory;ate of r I <. d t neopenty! glycol 

hydroxyplvalate, dttrirri&thylotpropaf^e temaacryiate, dipedserythrito; hexaaoyiafe. dipedserythriio; perdaacrylate, 
tetraethylene glycol diacryiaie, tripropj ne tietbyiolpropane ethylei ed trsacrylate, 

frimethyloipropane triacrylaie. neepentyl glycol diacryiaie, diacryiaie of neop^m - i te, 1 9-nonao 

ediol diacryiaie, 1 ,4-butanedio! diaoylate, 2*propenoic add [2-[1 1-drmeth> -[fl-oxo-i trap iy!)cxy}eihyi}-5 hyl- 

is i t ♦ < i jcryiate, pentaerythritol tea t( hvfene glycol dimetnacrylate, 

tatraetbyferse glycol dimethacrylate, triethylene glycol dimethacrylate, 1 ,3-butyiene glycol dimethacrylate, trimethyiol- 
propane trimethacryiate. pedaerythritoi divinyl ether, pent" r v trlvinyl ether, prantaerythrito! diallyi ether, pentaer- 
ythriiol triailyi ether, 1 ,4-butaaediol divinyl ether, 1 ,4-butanedioi diallyi ether, 1,5-pentanediol divinyl ether. 1 ,5 -pentane- 
dioi diaiiyl ether. 1,6-hexanedlol divinyl ether. 1 ,6-hexanedioi diallyi ether, diethyiene glycol divinyl ether, diethyiene 

so jfyco! diali* et e tripropyien gl> ivin ther ipi pylem jlycol diallyi ei tetraethylene 5 col divinyl ether, 
1 "Vt - , ene oxide) divinyl emer ^0 

oxide) divinyl it— , - e*her, neopenlyi glycol divinyl ether. neoDeniyi glycol diallyi ether, 

0 viny ir te u>t r 1 i I rt - > I 1 I <. 1 n 

, it -la a i - In > <- ! hts t s ' r\ \ <i m lv t 

25 , d |l jr,i< r 1 m r L , i i 

nurate. id ran, cyclopentadiene, dicyciopentadiene, and a maleimide compound represented by general formula (b): 



(wherein R s is a divalent organic group of 1 or more carbon atoms), in view of availability, preferably, R 5 has 1 to 20 
carbon atoms, These compounds may be used alone or in combination. 

[0077] Irs method (v) In which de'nydrocondensatiori is performed between a polyvalent carboxyiic acid and block 
4S copolymers, and thereby the block copolymers are coupled via thioester bonds, examples of polyvalent carboxyiic 
t ,i , if- iii a i 1 t 1 11 h 

netetraacetlc acid, glotarlc acid, citraconic acid, oxalic acid, tartaric acid, diparatoiuoyitartadc acid, difoenzoyitartanc 
ac«d sebacicac 1 13 th iipropi tic acid tn omaleic acid dodecanedioic acid, 1,2-cyclohexanediamtnetetraacetic 
acid, brassyiic acid, malonic acid, phthaiio acid, isophthallc acid, terepbthalio add. naphthalenedicarboxyiic acid. 5-hy- 
50 droxyisophthalicacid, 1-c eth netb < - 1 it cyanoetbyl-2-phe zoie Hita ya 

, h In-' <■ I * , - e . t- r -r ' n u * j » b 1 

acid, cheiidamsc acid, 2,3-pyra2inedicarboxylic acid, folic acid, citric aod , succinic acid, fumaric add, malic acid, giutam- 
i and aspa't c c * -e <• c ^ d * <= * v actd These may be used afene or n comb nation When 
block copolymers are allowed So react with these poiyvalenl carboxyiic acids, any esterification catalyst commody 
55 used may be used. By removing water produced during reaction, the reaction can be carried out effectively. For ex- 
ample, a method in which the resultant wafer is removed with a dehydrafor, such as molecular sieves, a method in 
whmh n resultant wa 1 d reac'o^ -> -rt 1 a 1 

resultant water is removed with an ezeohopic solvent, such as toluene, is appropriately employed. 



30 
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[0078] In method (vs) in which mansesterlfication is performed between a polyvalent carboxylase ester and block 
copolymers, and thereby the block copolymers are coupled, as the polyvalent carboxylase ester, esters of the polyvalent 
carboxylic acids described above may be used Examples of carboxylase osiers include, but are not limited to, methyl 
esters et^v! este s n-jm - i < <s te1-bu'yi est-* s 

s decyl esters. Isohecyl esters, iaury! esters, vlm/i esters, a;lyi esters, phenyl esters, benzyl esters, napnthyl esteem 
i/ r > > t t - i t h < These esters may be used alone or In 

comhioalon /f i oiym< s <yia ranse5terificsti< 

catalyst commonly used may be usee, in order to carry out the reaction efficiently, by-product alcohol ;s preferably 
rem r ton u lormai or redi ess u re 

'0 |8079] in method p/il) In which estenflcation Is performed between a polyvalent carboxylic anhydride and block co- 
x>lymers 3 ther « k cof k . >l as the polyvalent carboxyfcc anhydride /drides of the 
tyvatent cart j may be use but the anhydride which may be used Is not limited thereto. 

These polyvalent carboxylic anhydrides may be used alone or In combination. In the reaction, any transesierifscatlon 
catalyst commonly used may be used. In this method, by removing water produced during reaction, the reaction can 

« also be carried out effectively. As In the case described above, a method in which the resultant water is removed with 
-it >r it icha )leci ■, 3 r 1 c i hit J stems remo h -> hocar- 

boxyiate aster or the like, or a method in which the resultant water is removed with an azeotropic solvent, such as 
toluene, is appropriately employed. 

[0080} in method (viii) in which ciehydrohalogenation facyiation) is performed between a polyvalent csrboxySic acid 

20 halide and block copolymers and thereby She block copolymers are coupled, as the polyvalent acyl haHde, halides of 
the pclyvaienS carboxylic acids describee above may be used. Specific examples of polyvalent acyi halides include, 
but are not limited to, chlorinated compo i nyldicb ill aconyic e, oxa 

i t i ih j ii M is i ill i ■> rtn if Mr " ^H-/-thal a ^hloncv fu 

maryl dichionce. rneieyi diohloride; compounds formed by replacing the chlorine atoms in ihe above-mentioned ehio- 

2S nnatod < \>' m i compounds formed by replacing the chlorine atoms In the above-mentioned 

chlorinated compounds by iodine atoms. Among them, in view of availability and reactivity, preferred are chlorinated 
compounds, such as succinyi diohloride, maionyi dichlorioe, and fumaryl diohloride. These may be used atone or in 
combination. After the reaction, preferably, acids present in the system are removed by neutralization or distillation 
under-reduced pressure, if ihe acids are not removed, corrosion may occur. 

30 £9081 j in method (ix) in which bsock copolymers are coupled , > 

and the block copolymers, examples of carbonate compounds which may be used include, but are not limited to, 
dimethyl carbonate, diethyl carbonate, ds-n-propyl carbonsie, diisopropyl carbonate, di-n-butys carbonate, diisobutyl 
carbonate, dksec-butyl carbonate, di-terhbmyi carbonate, ciivlnyl carbonate, diallyl carbonate, dipheny! carbonate, 
ethylene carbonate, and propylene carbonate. These may be used alone or in combination, in the reaction between 

.33 block copolymers and the carbonate compounds, any trans s - ic st si r monfy . sad may be used in 
order to carry out the reaction efficiently, by-product alcohol is preferably removed by distillation under normal or 're- 
duced pressure, 

[0082] In method {x} in which a ketone is allowed to react with biock copolymers to form -hioketai bonds, and: thereby 
She bloc,, > v rs copied, examples of ketones which may be used Include, but are not limited to. acetylace- 

40 tone, acetone. Isophorona rhisobuty) ketone, diisopropyl ketone, cyclohexanone, cyciopentanone 1,3-dih n> < see 
ton* J her. 4 4-dimethoxy-2-butanone, diacatone acryfamide diacetone alcohol. 4-by- 

roxy 2 bu inora > butyl ket v ' s ro atone, meth 1 J t methyl > :> < 

3-methyipentenone, anthraquinone, chloranii. 1,4-diaminoanthraquinone, 1 ,4-dihydroxyanthraqi;lnone, 4.4'-dimetb- 
oxybenzophenone, 2,3,4-trlhydroxybonzophenone, 1 ,4-naphthoQuinone, quinone, propiophenone, bembl, o-bensoyi- 

*5 benzoic acid, methyi o-benzoylbenzoate, benzoin, benzoin isopropyl ether, benzoin isobutyl ether benzoin ethyl ether, 
benzophenone, 3,3\4,4^benzophenonetetracarboxy!icdianhydride, kojic acid, dikeiene, methyl 4-chSoroacetoacefate. 
chioroacetophenone. 2,3-dichloro-5,6-dlcyano-1.4-benzoquincne, 2,3-dich!oro-1 ^-naphthoquinone, ace hexailuoro- 
acetone. These may be used alone or in combination, in view of reactivity, the reaction is preferably carried out in 
acidic conditions. The acid used for era ■ e acid Kiitic ns is 4 particularly limited and any acid commonly 

so used m< » j I d -< rt'sa e r < •>< z ~ k th< acid 5 preferably neutralized after 

the reaction. 

[0083] in method (xi) in which block copolymers are coupled by dehydrocondensation between a compound having 
at least two hydroxy! groups in each molecule and the block copolymers, examples of compounds having at least two 
hydro* t ' 1 mole mich may be user e. but are not r t 1 < I 

55 47Q. t >nn h ^ f- 'Jo 5-o me'", r _ - < 1 n *- br i s.>o-e ,& glycol., 
diisopropanoiamine, triisopnjpan amine. dtethano"amine. tneth nine, ethylene glycol 0 e ' ' f 

ene glycol, 2-ethyl-1 ,3-hexanedioi, sodium gluconate, glycerol a-monochlorohydrin, 1.4-cyclohexanediof, 1,3-dihy- 
droxyacetone, 1 ^-tiihydroxy-l^-butanedisulforac sciddfsedium salt, tartaric acid, diisopropyl tartrate, 1-thiogSycerol, 
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f u i trimethyioiethane. trimefhyloipropano, trimetbytolpropane r o~ H ether, t i glycol, 1 ^ , < - 
d! u ! I r °t ( r (.I ie ; ) -> > ~ tripropytene glycol, 1,6-hex- 

anecsoi. 1,2,8-bexanetrio!, hexyiene glycol, pentaerythntol, ■ ,5-pentanediol, polyethylene glycol, polytetrameihylene 
ether glycol, polypropylene glycol, 3-methy!-1, S-pentaneciioi, catechol, 1.4-dihydroxyBnthraqbfnone, 1,4-dihydroxy- 

s ns I ; enzophenon methylh uii i r . L 

thaiate bs - j ^ te { ouMhydro- 

quinone, protocatechuic acid, pblorogtucinoi, isuryl gaiiate. resorcin, l6uco-1.4-dihy0roxyanthfaquinone, 1.1'-bi- 
2-naphthol, koyc acid, and cstrazinic acid, These may be used alone or In combination. When btock copolymers are 
,< , t ) n ! i i 11 i - u h i t 1 > I „ 'i ' ' t i ■> 

?o commonly used may be used, !rt this method, by removing water produced during reaction, the reaction can be also 
raue f a , i dt n in as u'*ant */a er s reme e i »it adehy- 

rat i r - - t I htt f 1 i n t 0} ct ailhocarboxyla 

ester or the like, or a method in which the resultant water i s removed with an azeotropic solvent, such as toluene, is 
appropriately employed. 

is [0084] Among the coupling methods for coupling block copolymers having mercaptide groups, in method (xii) in 
which a compound having at least two halogen atoms in each molecule Is allowed to react with block copolymers to 
form sulfide bonds (Williamson reaction), and thereby the block copolymers are coupled, examples of compounds 
having at least two halogen atoms In each molecule which may be used include, but are noi limited to, methylene 
chloride, 1,1,1-frichloroethane, 1 ,2-dichiorcelhane. chloroform, trichioroelhylene, tetrachioroethyfene, 2,5-diebioro- 

20 aniline, 3,4-dichioroanslir-e, 3.5-dichloroantline, 2.4-dichlorobenzoie acid, 2,3-dichiorotoiuene, 2,4-dichlorotoiuene, 
2,5-dichlorotoiaene, 3,4-dichlorotoiuene. 2,8-dieh!oro-4mitroansline, 1 ,4-dichloro-2-nitrobenzene, 2,4-dichlora-l-ni- 
I b ze -nil it benzyl cl 1 benzyl chiof 

2,3-dfChlorobenzaidehyde, 2,4-dichIorobenzaldehyde, 2,8-dichlorobenzaldehyde, o-dich!orohenzene, m-dichloroben- 
zene. p-dichlorobenzene, i ,3,5-tncrsorobenzene, 2.3michlorobenzoyl chloride, 2,4-oichlorobenzoyl chloride, 

25 2,8-dichlorobenzoyi chloride, carbon tetrachloride. 3,3'-diehloro-4,4'--diaminodipheny!methane, 3,3'-dicbioro-4,4'-dl- 
aminobiphenyl, 2.3-diehloro-5.8-dicyano-1 ,4-benzoquinone. 2,3-dich!on>1 ^-naphthoquinone, 2,6-dichiorobenzat 
chloride, 2,6-dichlorobenzoniirile, octsbromociiphenyl ether,. 1,1,2,2-tetrabromoethane, 1 ,2-dibromo-4-{l ,2-dibromoe- 
thy!}cyclohexane, 1 ,4-dibrornobutane, 1 , 3-dibromopropane, 2,3-dibromo-1-propanol, 1,5-dibrornopentans, decabro- 
modtpheny! ether, tetradecabromo-p-diphenoxybenzene, tetrabromoeyeiooetane, tetramethylene chlorobromide, 

90 2-(2-hydroxyetho>:y)ethyi-4M->>'droxypropyftetrabromophthalate, l-bromo-2-ebloroethane, l-bromo-S-cnloropropane, 
1-bronK>8-chSorohexane, bromochloromethane, hexabromobenzene, peniamethyiene chlorobromide, methylene di- 
bromide, dichlorope , me 2,4-difiuoroanitlne, 2,6-difiuorobenzonitrile, 2,{i-ditluorobe:Rzamide, 
2i2,3,3-tetrafluoropropanol, 2,2 2 tr oi . oroacetalctehyde hydrate, trifiuoroethanoi, trifiuoroacetic ac- 
id, irifluoroacetic anhydride, trifiuoroacetic acid ethyl ester, trifiooromethanesuifonic acid, trifluoromethanesuifanic acid 

as anhydride, lithium irifiuoromettisnesuffonate, 2-(trifluoromsthyt)benzaidehyde. 4-(triffuoromethy0benzaidehyde, 2-{tri- 
ffuoromethyltbefizoyi chloride, pertluorooctyi iodide, 2-perfiuoroaikylethanol. perfluoroalkyiethyl acryiate. perfluoropro- 
pyl vinyl ether, perduoropoiyalkenyi vinyl ether, 1 ,3-bts(tnf!uoromethyi)benzene, 1,4-bis(tr!fluoromethyl)benzene, 
2,2~bis{4-hydroxyphenyl}be-xafii.ioropropane, vinyiidene fluoride, hexafluoroacetone trihydrate, hexafluoro-2-propanol, 
hexafl >f * ' , I a oxide, 1 ,2-diiodoethane, and 1 ,4-diiodobenzene. These may be used alone 

4o or in combination. When transparency is required, produced sails are preferably removed by filtration or water washing. 
10085] hifmi i (i ' i !W „n<o m , am 1 - roiio'ce by a reaction between a polyvalent srboxyiic 
and the block copolymers, as the polyvalent carboxyttc acid, the same polyvalent carboxyiic acids as those used in 
method (y) may be used The usable polyvalent carboxyiic acids are not limited thereto. These may be used alone or 
in combination, in view of the durability of the resuliant polymer, by- produced bases are preferably neutralized during 

45 or after the reaction. 

[0086] In method (xiv) in which block copolymers are coupled by a reaction between a polyvalent acyl haiide and 
the block copolymers, as the polyvalent acyl haiide, the same compounds as those used in method (viH) may be used. 
|0087] in method (xv) m which disulfide bonds are formed between block copolymers, and thereby the block copol- 
ymers are coupled, as the oxidizing agent, the same compounds as those used in method (i) may be used. 

so [0088] When the block copolymers 3re coupled via the mercapto groups or me . d <r< a t is also possible to 
use a compound having the groups contained in the compounds described above. For example, compounds having 
carboxylgrou t ^ i n ^ . i groups (mott 1 lactic 

and compoun s ha ng balog i atoms m d < and c be I grou s (method (v) and meth d (xiii ueh as 
4-chlorobenzolc acid may bo used to perform the coupling reactions, 

55 [0089] In order to carry out the coupling reactions efficiently, organic solvents may be used- Examples of organic 
solvents which may be used in the present invention include, but are not limitcc o. by t ts. such as 

heptane, octane, and mineral spirit: ester solvents, such as ethyl acetate n-c A 1 -mate, ethylene 

glycol monomethyl ether acetate, and diethylene glycol monobut>4 ether acetate; ketone solvents, such as acetone. 



EP 1 411 070 A1 



methyl ethyl ketone, methyl isobutyi ketone, cfiisobutyi ketone, and cyciohexanone: ether solvents, such as letrahy- 
cfrofuran, diethyl ether, di-n-butyi ether, dsoxane, ethylene glycol dimethyl ether, and ethylene glycol diethyl ether; and 
omat ■> <r u •> so .-ems sue as toit f ;-s v : Oi Cc di£\sso! 

1000 -nanufac 3wa anat / Cosmo Oil Co., Ltd.). These solvents 

s may be used alone or in combinat - <- ' t r. ula n s view of read* ty the 

C c 2QG°G 

[0030] As the thermoplastic resin, which is contained in the thermoplastic resin composition of the present Invention, 
vanous the'-noolast c res ns \>'hich av i be sk: Examples o * asins ncude, 

but; e not limit J ion m ns suet 31 r , ^bc by E ! Du Pont de Nemours ; id C tpa 

m> and j " 'i r i < t r by I Font-f/fltsu: Poiychsmlcals C^o , Ltd.): polyamylic acid hydrazlde, isobutylene- 
nel (a o > ^ s « \S) 3 ^ c v ■> f t i 

>lymers (A rs (AS), acrylo b a ) -ne-styene copo yrrvm ly^ES) and ABS- 

vi ,s t such as K neka Enpiex (ms by Kanaka Corporal sBS hea 

resistant resins, such as Kanaka MUH (manufactured by Kaneka Corporation); a rylc - f nated polyethyiene- 

is sfyrene resins < ACS) < 1 th nc > chloride copolymers, 

ethyiene-vinyl acetate copolymers (EVA), modified ethylene-vinyi acetate copolymers, chlorinated ethylene-vinyi ac- 
etate copolymers, ethylene-vinyi acetate-vinyl chloride graft copolymers. etbySene-vinyl alcohol copoiymers (6VOH), 
chloi ted poi> -i arid i irinaieO pciyethyier *ated polypropylene c < iymers ketone 

resins, norbornene resins, pelytetrafluoroethylene (PTFE), ethylene fluoride-propyiene copolymers, tetrafiuoroethyl- 

20 ene-perfl roaiky /let ' \ m. 3 c \ ' >* jrotrifluoroethyiene, ethytene-tetrafiuoroethyiene copolymers, 

lew-meHing-pemt elhyiene- , roeihyler, poly lick o flu ice PVDF poly lyl f oride poly 

aceiai. poiyamide S, poiyamioe 68, polyamide 810, polyamide 812, polyamide 11 , poiyamide 12, copolymerized poiya- 
n I- if >r - (1 - r n t i me <. i u - i ^ merr q < 

poiymic^ p< yei r i im 1 therket nes polyethylene, poiyfethyiene < idej. p * teref ate) 

25 PET t n a h p t i s c 

eiate), polystyrene, po!ysuifone,poly{ethersulfone),po!y(aminesutfone), polyparavinyiphenol, polyparametbylstyrene, 
ool»aiKlamRtt ,» U, it Jl h r A ' r ( >> . bu'yrel) (PVB), poiytvmy! formal; (PVF), poiyphe- 

nyiene ether, modified poiyphenyiene ether, poiy(pher,yiene sulfide), polybutadiene. poiyfbutylene terephthalate) 
{P8T1 polypmpvlb n , e hy! metbacryiate), and various types of hquid crystal polymers, 

30- These may be used alone or in combination. Among them, because of the excellence in heat resistance, weatherabiitty, 
and oil resistance, at least one resin selected from the group consisting of polyvinyl chlor j 

ie >polymers, acrylonltille-butadlene-styrene copolymers, polycarbonate, polyester resins* 
ana lyamide * >in s r < 

[0091] An elastomer composition of the present invention contains the block copolymer and a synthetic rubber- Ev- 
as- amples of such a synthetic rubber include, but are not limited to, styrene-butatilene rubber (SBR), butadiene rubber 
(BR), isoprene rubber (JR), ethylene-propylene copolymer rubber (EPM), ethylene-propylene-diene copolymer rubber 
(EPDM), acryionifrile-butadiene copolymer rubber (NBR), chloroprene rubber, butyl rubber (HR), urethane rubber, sil- 
icone rubber, polysulfide rubber, hydrogenated nitrile rubber, fluororubber. ethylene tefrafluoride-propyiene rubber, 
ethylene tetrafluoride- propytene-vinylidene fluoride rubber, acrylic rubber (ACM), eblorosufonated polyethylene rubber, 
40 epschiorohydrin rubber (CO), ethylene-acryiic rubber, norbornene rubber, styrene-based thermopiasfic elastomers 
(SBC), olefinic thermoplastic elastomers (TPO). urefhane-based thermoplastic elastomers (TPU), polyester-based 
c >pl i r t polvamiae based thermoplastic elastomers (TPAE;, ■ ,2-polybu-adiene-based ther- 

moplastic elastomers, vinyl chloride-based thermoplastic elastomers (TPVC), and fluorine-containing thermopiasfic 
elastomers. These niay be used alone or in combination. 
is [0092] Each of the thermoplastic resin composition and th« sst i ion of th t inve v 

contain both -i i s i i s synthetic rubber besides the block copolymer. The composition may be dy- 

>y a methot hi < ommonly used. 
[0093] n the thermoplastic re; in i u . j t - n-r p- e ■ <h< > a-,^ ^moi no^toadjus 
various Dhysical properties, at leas t i a < bo^do* >he the nopiastic 

no resin, the elastomer resin, and the block copolymer. As the additive, at least one materia! selected from the group 
consisting of plasficrzers, thixctropy-improving agents, heat resistance-improving agents, stabilizers, antioxidants, ui- 
ravioiet ab > t nt sm e lig stabili s I At ^s antistatic 1 ^ ts f )rm $ ocrams t^^nq 
agents, lubricants, mildewproofing agents, nucleating additives, vulcanization accelerators, aging resists rs, vulcanizing 
agents ' <^ic gen pept Jckifs« latex coagulants, processing is n r tilers, a a ul 

ss Per may be used Ct rv- a-* - > b depen hat ^n r ip s fthe rermoplastic 

resins and the elastomers, the compositions of the block copolymers, the applications of the compositions, etc. 
[0094] The block copolymers of the present invention have heat resistance, weatherabihty oil r esistance, and flame 
retardaney which are originally exhibited by the aorylonitnie and methacryicnitrile polymers, and furthermore are ex- 
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ceilent in low-temperature resistance. Consequently, the block copolymers can be usee in various applications, such 
as films, sheets, tapes, hoses, tubes, gaskets, packings, grips, various molded objects, sealants, damping material, 
pressure-sensitive adhesives, adhesives, resin modifiers, coating materials, potting material, textiles, materials tor 
thermoplastic resin compositions, and materials for elastomers. 
» [0095] The thermoplastic resin compositions of the present invention contain the block copolymers and thermoplastic 
resins. The elastomer compositions or the present invention contain the block copoiymers and symhetlc rubbers. These 
compositions can be se plications ; s,g skets pac^gs 

grips, containers, various molded objects, sealants, damping materials, pressure-sensitive adhesives, adhesives, coat- 
ing materials, potting materials, and textiles. 

16 

Best Mode for Carrying Out the Invention 

[&096J While the present invention will be described based on the examples below, it is to be understood that the 
invention is not limited thereto 

is £0097} In the examples below, the weight-average molecular weight {Mw>. number-average molecular weight (Mn). 
and molecular weight distribution (Mw/Mn) were determined by gei permeation chromatography (GPC In the GPC. 
chloroform, fefrahydrofuran, or dimethyiformamide was used as an efoent. and a polystyrene gei column was used. 
The analysis was carried out on the basis of a polystyrene standard sample. 

so {Example 1 : Synthesis of mercapto group-terminated acryfonitriie-n-buty! acrylate dibiock copolymer) 

[0098] Into a 2 t n «c r s i •> an agitator, a thermometer, a nitrogen gas inlet tube, a dropping funnel, and 
a reflux condenser, was placed 490 g of distilled water and 0.56 g of sodium dodecyl sulfate, and the reactor was 
nitrogen-purged while the reaction mixture was being stirred at 80*C. A mixed solution of 8.8 g of acryionitrile and 1 .09 
25 g of a compound represented by formula (6): 




.35 

was added into the r 6 actor, and stirring was performed at 80*C for 20 minutes. Next, 0.93 g of 4,4'-azobis(4-cyanovaieric 
acid) together with 25 g of distilled water was added into the reactor. Stirring was performed at 80*C for 30 minutes, 
and then 45.0 g of acryionitrtie was dripped from the dropping funnel for over 1 hour. After dripping was completed, 

40 stirring was performed at SOX for 5 hours, and sampling was performed. Production of polymery lonitrile (Mw = 13.700, 
Mo ~ 10,300, and Mw/Mn = 1 .33) was confirmed by gei permeation chromatography analysis, 
[0099] Next, 20.0 g of n-butyl acrylate was added into the reactor, and 0 40 g of 4 -'• ' -id 
together with 10 g of distilled water was further added thereinto. Stirring was performed at 80 S C for 1 hour, and then 
80.0 g of n-bufyi acrylate was dripped from the dropping funnel for over 2 hours. After dripping was completed, the 

4§ mixture was stirred at 80 s C for 5 hours and then cooled to room temperature. A salting-out method was performed, 
followed by filtration, washing, and drying. Thereby, production of an acryloniirile-n-botyl acrylate dibiock copolymer 
(Mw = 48,600, Mr. ~ 34.500. and Mw'Mn = 1.41} was confirmed. 

[0190] T h- i - i ' i 1 i .i i ^u. m . ue o m b i < hi ^>ne was added 

iereint d by stirri til r ir i i h n t 

60 groups at ends were quantitatively converted into mercapto groups. The toluene solution was washed with water and 
then poured into methanol to precipitate and Isolate the block copolymer 

(Exampie 2: Synthesis of mercapto group-terminated metbacrylonitriie-n-butyt acrylate dibiock copolymer) 

55 [0101] into a 2 L reactor equipped with an agitator, a thermometer, a nitrogen gas inlet tube, a dropping funnel, and 
a reflux condenser, was placed 490 g of distilled water and 0.55 g of sodium dodecyl sulfate, and the reactor was 
nitrogen-purged while the reaction mixture was being stirred at 80" C A mixed solution of 11.3 g of methacrylonttrile 
and 1,08 g of s compound represented by formula (6); 
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70 



w j , s s performed at 80- C for 2 v. \ <. r z * waleric 

acid) together with 25 g of distilled water was added into the reactor. Stirring was performed at 80'' C for 30 minutes, 
and then 57.7 g o? methacrytonitrile was dripped from the dropping funnel for over 1 hour. After dripping was completed., 
stirring was performed at 80" C for 5 hours, and sampling was performed. Production of polymetnacryionitrtfe (Mw * 

?5 16,400. Mn ~ 13,000, and Mw/Mn 1 26} was confirmed by gef permeation chromatography analysis. 

[0102] Next, 20.0 g of n-butyi acryiate was added into the reader, and 0.36 g of 4.4*-azobisi4-cyanovaieric acid) 
together with 13 g of distilled water was further addec thereinto. Stirring was performed at 80*0 for 1. hour, and then 
80.0 g of buty set 3te wa drip? d from the dropping funnel for over 2 hours. After dripping was completed, the 
mixture was stirred at 80*C for 4 hours and then cooled to room temperature. A salting-out method was performed, 

20 followed by frltra n.vva rying. T pre c n trile-n-busyl a ib k copolymer 

(PW - 49,900. Mn 36,300. and Mw/Mn - 1.37) was confirmed. 

[9103] The dibiock copolymer (70 g) thus obtained was dissolved in 300 ml of toluene, and 18 g of morioeihyl amine 
was added ttvt -f j 1 - > c for 18 hours. *H NMR analysis and iR confirmed that the thioeafbo 

nylfhio groups at ends were ; tativei converted into mercapto groups. The toluene solution was washed with 
25 water and then poured into methanol to precipitate and isolate the block copolymer. 

(Example 3: Synthesis of mercapto group-terminated acryioniiriie-fn-butyl acryiste/ethyl acryiate) dibiock copolymer) 

$104] into a 300 ml reactor equipped with an agitator, a thermometer, a nitrogen gas inlet tube, a dropping funnel, 
30 and a reflux condenser was plecs I < i o t i < H t r< ^ i 

was nitrogen-purged while the reaction mixture was being stirred at 80°C. A compound (217 mg) represented by 
formula (6): 



which was dissolved in 1.6 g of acryfonitrile, was added into the reactor, and after 20 minutes. 185 mg of 4,4'--azobis 
4$ y a - t i I ) si i j1 is other rr r ed at 80 s C to 

20 minutes, and then 9.3 g of acryfonitrile was dripped from the dropping funnel for over 30 minutes. After dripping 
v>aso 1 si mi > k °u ^ f - K our andsem ( > tii - i "roc c'i - of polyaovoi it le 

(Mw ~ 18,100, Mn » 12,700, and Mw/Mn = 1 .42) was confirmed by gel permeation chromatography analysis. 
[0105] Next, a mixed solution of 1 0.0 g of n-buty! acryiate-and 7.8 g of ethyl « r ate » s ds ped from the dropp g 
so funnel for over 1 hour. Stirring was performed at 8G°C for 5 hours, and an emulsion was thereby prepared. Sampling 
was performed aim production of a thiocanbonyithio group-terminated acry!onitri!e-(n-butyl acrylale/ethyi acryiate) di- 
biock copolymer (Mw - 48.500. fvln - 31 ,600, and Mw/Mn * 1 .53) was confirmed. 

[0108] Dietbylamiee (20 g) was added into the emulsion, and stirring was performed at 8G"C for 5 hours. A salting- 
out mc vd n 1 '1 ^ t a d drying anc a polymer was thereby produced, it was 
55 conf'rmeo tha k t e oolymc a ' <• < -p »- i > < n-butyl acrylate/ethyi acryiate) dibiock co- 
polymer (Mw ~ 48,700, Mn - 31 ,300, and Mw/Mn = 1.56}. 



35 
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(Example 4: Synthesis of mercaptide group-terminated (acrytonitriie/methy! methacryiats)--(n-buiyi acrylate/ 
2-hyoro>yethyt acrylate) dibiock copolymer) 

[0107] into 3 1 I reactor equipped with an agitator, a thermometer, a nitrogen gas inlet tube, a drooping tunnel ana 
s a reflux condense -Aes aced 200 mg of sodium cJodc tea e t d the reactor wa 

! i mi while i maolion mixture was being stirred at 0O' : C, A compound (851 mg; represented by formula 



10 




which was dissolved in 5.0 g of methyl methacryiate, was added into the reactor, and after 20 minutes, 500 mg of 4,4'- 
azobis(4-cyanovaleric acid) together with 12 g of distilled water was added into the reactor. Stirring was performed at 
so 80X for 30 minutes, and then a mixed solution of 18.8 gof acfylonitriie and 6.8 g of methyl methacrytate was Copped 
from the dropping tunnel for over 1 hour. Stirring was then performed at 30 ' C for 6 hours, and sampling was performed. 
Production of a Ihioearbonylthio group-terminated acrylonitrile/methyi methamyiate random copolymer was confirmed. 
[0108] Next, 200 mg of 4,4' azobis{4 cya e into the reactor, and a mixed solution of 50.0 g 

of n-butyi acrylate and 18.6 g of 2-hydroxyethyi acrylate was dripped from the dropping funnel for over 3 hours Stirring 
vas pen f h J ill mulsi > ^ f i Pr i t > i hio g 

terminated > e utyl aoi J jcryiate dibiock copol nor /vas con- 

firmed. The emulsion was salted out, followed by filtration, washing, and drying, and the dibiock copolymer was thereby 
prepared. 

[0109] The dibiock copolymer (30 g) thus obtained was dissolved in 100 mL of dehydrated toluene, and 4 g of sodium 
30 methylate was added thereinto, followed by stirring at 30*C for 2 hours. A. toluene solution containing a mercaptide 
group-terminated (acryionithle/methy! mefhacrylate)-(n-butyl acryiate/2-hydroxyethy acryl its bio ;opol> ne was 
thereby prepared. A portion of the solution! was collected as a sample and hydroiyzed, and then poured into hexane 
to precipitate and isolate the copolymer. 1 H NMR analysis and GPC analysis confirmed the production of a mercapto 
group-terminated (acryionltrlle/methy! methacrytate Hn-butyl acryiate/2-hydroxyethy! acrylate) dibiock copolymer (Mw 
35 = 52,100. t* - 00, anc Mw/Mn - 1 48) 

c -m <■ . o m - j i 1 i 1 s ii 1 "t * s n. 

[0110] Toluene {150 pans by weight) and lead dioxide (0.5 parts by weight) were added to the mercapto group- 
ie terminated acrylonitnle-mbutyi acrylate dibiock copolymer (100 parts by weight) synthesized in Example 1, and thor- 
iii.i med. The mixture wa < < ' 

hours, h-i MMR analysis, IR analysis, and gel permeation chromatography analysis confirmee that the resultant shoes- 
shaped poiyi vas an acr triie-t lah loci- op I n r ha < ih main 

chain (Mw = 101,600, Mn = 67 300, and Mw/Mn - 1.51). 

45 

(Example 6: Synthesis of acrylonitrile-n-boiyl acrylate-acrylonitriie iriblock copolymer) 

[0n1 )ehy 1 i ywe ght nexarnet r a u t>ii 

s let (0.001 s ; ve to the mercapto group-termin I y 

50 /latedl kp ms (100 parts a i < zed Example 1 a i st ing was p rmedatSQ Z for 10 

hours. The solvent was removed by distillation. 1 H NMR analysis, IR analyses, and get permeation chromatography 
n i i hattheresuita i v i r I * ii f une h % io 

thiourethane bonds in the main chain (Mw - 99, ?00 Mn « 66.500, anc Mw/Mn - 1.50). 

55 (Example 7: Synthesis of methscry!onitrile-n-butyl acryiate-methacryiomthie tnciock copolymer) 

{0112| Calcium dioxide (1 part by weight) was added to the mercapto group-terminated methacrylonitrlle-n -butyl 
acrylate dibiock copolymer ( 1 00 parts by weight; synthesized^ Examples, and the mixture was roll-kneaded at 1 00°C 
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and formed into a sheet. Furthermore, the sheet was seated at 100 C 'C for S hours and matured a; room temperature 
for 3 days. 1 H NMR analysis, IR analysis, and gel permeation chromatography analysts confirmed that the resultant 
sh e ha - > n <- f| - 1 nttnle-n-t i bio l/rp t n' o suffice 

bonds in the main chain (Mw « 102700, Mn = 71,400. and Mw/Mn = 1.44). 

(Exar rpie 8 1 jmlhe of methat I A ri 

[0113] !>; ? < t' . phor - nate (0.31 parts by weight} and dibutyttin 

bssacetylacetonate (0.001 pads by weight} were added to the mercapto group-terminated metbacryionitrile-o-butyi 
■'(> acr t m< )0 parts; by wer i Exam: 2, and i mixture was sisrrad at 80 O for 8 

hours. Toluene was then removed by distillation, do NMR analysis, iR analysis, and gel permeation chromatography 
analys r tant f t c m r , nit c k eopo! 

ymer having thiourethane bonds in the main chain {Mw = 98,500. Mn = 69,900, and Mw/Mn = 1.41). 

■'5 [ < * i 1 j r 1 r it i k < upc ym* ! 

[0114] Toluene (200 parts by weight) was added to the mercapto group-terminated acryloniiriie-(n-butyf acryiate/ 
ethyl acryiate} dibbc^ polymer (1 parts * j synthesized fc ample 3, and the mixture was stirred at 90°C 
for 18 hours under blown a*. Toluene was removed by distillation. 1 H NMR analysis, IR analysis, and gel permeation 
20 log irmed that the result mer was a I 1 I a 

acrylonitrile tribiock copolymer having disulfide bonds in the main chain (Mw = 102,400, Mn - 61,100. and Mw/Mn - 
1 .68). 

(Example 10: Synthesis of acryionitrile-{n-butyi acrylate'ethyl acryiateVacrylonitriie tribiock copolymer) 

10115] Toluene (200 parts by weight) and diphenylmethane diisocyanate (0.4 parts by weight) were added to the 
mercapto group-terminated acrylonitriMn-butyl scryiate/eEhy! acryiate) diblock copolymer (100 parts by weight) syn- 
thesized in Example 3, and the mixture was stirred at 1WC for 8 hours. Toluene was removed by distiiiation, 1H NMR 
analysis, IR analysis, and gel permeation chromatography analysis confirmed thai the resultant polymer was an afcry- 
30 lorsitrite-(n-butyi acrylate/ethyl acryiate Vacrylonitrite tribiock copolymer having thiourethane bonds in the main chain 
(Mw --- 100, 700, Mn** 80,900, and Mw/Mn = 1.65). 

(Example 11: Synthesis of {acryionifrile/methyi methacrylate)-(n-buh/l acrylate/2-hydroxyethyl acryiate}-(acryidnstrile/ 
methyl meihi te) tr • p -• 1 

[0118] To, j to at on r ll r r ethyl methacryiate)-(n-butyl acryiato/2-hydroxyethyl acr- 

yiate) diblock copolymer (100 parts by weight on the basis of the polymer) was added 1,2-dichloroethane (0.14 parts 
by weight), and the mixture was stirred at 80' C for 20 hours. The resultant toluene solution was washed with water 
and dried, and the solvent was removed by distillation. ■ H NMR analysis and GPC analysis confirmed that the resultant 
40 polymer was an (acryionltnte/methyl methacrylaie)~(n-butyl acrylate/2-hydroxyethyl acryiate)-(acryloniiriie. ; methyi 
methacrylate) tribiock copolymer having sulfide bonds (Mw = 101,700, Mn = 55,100, and Mw/Mn = 1 .58). 

(Example 12: Synthesis of mercapto group-terminated acrylonsirile-n-butyl acryiate diblock copolymer) 

45 |0117] Into a 2 I. reactor equipped with an agitator, a thermometer, a nitrogen gas inlet tube, a dropping funnel, and 
a reflux condenser, was placed 490 g of distilled water, 20 g of poiyoxyethylene nonylpheny! ether as a rtonionic emul- 
sifier, and 2 g of hexadecane as an emulsifying aid. and the reactor was nitrogen-purged while the reaction mixture 
was being stirred at 80 'C. A mixed sorption of 8.9 q of acrylonitrite and 1.1 g of a compound represented by formula (8): 

so 



56 
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(6) 



was added into the; reactor, and stirring was performed at YiTC tor 30 minutes. Hex;, 0 92 g OT,M : -a2ob!S(4-cyarKwaler;c 
acid) together with 25 § of distilled water was sdded into the reactor. Stirring was performed at 7CC tor 1 hour, and 
then 45 g of aeryiomtriie was dripped from tne dropping runnel for over 1 hour. As soon as dripping was completed, 
the temperature was raised to 80*C and stirring was performed for 5 hours. Sampling was then performed. Production 
jfpolyacrylo tri (Mv> »00, Mn = 1 s t Mw/Mn « 1.30) was confirmed by gel permeation chromatography 
analysis. 

[01 1 8] Next, 20 g of n-butyi acrytate was added into the reactor, and 0.25 g of 4 ( 4'-azot>ls(4-cyanavaieric acid) to- 
gether with 5 g of disced water was further added thereinto. Stirring was performed at 80*C for 1 hoar, and then 80 
g of n-butyl achate was dripped from the dropping funnel for over 2 hours. After dripping was completed, the mixture 
was stirred at 80° C for 8 hours and then cooled to room temperature. A satting-out method was performed, foiiowed 
by fiitratior was sg, and dr eret i n of at icry t r n-t la tie (Mv ~ 

47,500, Mn = 34.000, and Mw/Mn - 1.40) was confirmed. 

[0119] The deblock copolymer {50 g) thus produced was dissolved in 200 ml of toluene, and 20 g of diethylamide 
was added thereinto, foiiowed by stirring at 50'-" C for 8 hours. The reaction solution was u . vith a ca gel column 
and toluene was removed by distillation. <H NfvtR analysis and IR analysis confirmed that the thiocarbonylthio groups 
at ends were quantitatively converted into mercspto groups. 

(Example 13: Synthesis of acry!onitrite-n-butyi acrytate-acrylonitrile triblock copolymer) 

£8120] Toluene (1 00 parts by weigh*}, dimethyiformamide (50 parts by weight), and lead dioxide (0.5 parts by weight) 
were added t< the t , i , utyl acryiate d opolym< \i\ parts by m jht) 

synthesized in Example 12, and thorough mixing was performed. The mixture was placed into a slab moid and dried 
in an air atmosphere at W'C for 5 hours. Oeaeration was performed under reduced pressure at BOX to remove the 
solvent, and heating was further performed in an air atmosphere at 8G"C for 10 hours. 1 H HMR analysis, IR: analysis, 
and gel permeation chromatography analysis confirmed that the resultant polymer constituting the sheet was an acry- 
knihiie-n-but, <= tnle tribloe* i j Jin chain I00, M 

56,500, and Mw/Mn = 1.50}. 

(Production Example 1: Synthesis of mercapto group-terminated poiyacryfonitrile) 

10121] Into a 2 L reactor equipped with an agitator, a thermometer, a nitrogen gas inlet tube, a dropping funnel, and 
a reffux condenser, was piaeed 490 g of distilled water and 0.56 g of sodium dodecyi sulfate, and the reactor was 
nitrogen- purged while the reaction mixture was being stirred at 80"C. A mixed solution of 8.8 g of acrylonitriie and 1 .09 
g of 2-(2-pheny!t e resented i ^jia (8): 




(6) 



was added into the reactor, and stirring was performed at8Q*C fori 5 minutes under nitrogen Row. Next, 0.93 g of 4.4'- 
azobis(4-cyanovaleric acid) together with 25 g of distil < - water was added into the react ' t < •> perforrr ed at 
80 s C for 1 hour and then 45,0 g of acrylon s I < } . iei for over 2 hours. After dripping 
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30 g of monoethyiamirse 
followed by nitration anc 
13,400, Mt\ - 10,800, at 



mulsion was cooled to 30" C, and 
urs. The emulsion was saited out, 
end was thereby produced (Mw = 



Mn * 1 .24). 

(Production Example 2: Synthesis of mercapto group-terminated acryiomtrte-meihyi methacrytate random copolymer) 

[0122] Into a 1 I reactor equipped with an agitator, a thermometer, a nitrogen gas inlet tube, s drooping funnel, and 
a reflux condenser, was placed 200 mg of sodium oodecyt m end 200 g of distilled water, and the reactor was 
nitrogen-purged while the reaction mixture was being stirred at 80 5 C, 2-t2-Phenyl propyl) dithtobenzoate (651 mg) 
represented by formula (6) 




(6) 



was dissolved in a mixed solution of 18.8 g of acrylonitrile and 11.8 g of methyl meih acryiate, and the solution was 
dripped from the dropping funnel at one time. After 20 minutes, 500 mg of 4,4'-3Zobis{4-cyanova!eric acid } together 
a» w^ .' j i i , r < i e % >- ioc-^d tnto 'he -eactor Sfnng was pe-fcr-^ed at 80 C for 4 hours, and the reaction 
mixture was cooled to 30"C. Monoethyiamine (10 g) was added thereinto, and stirring was performed at 30»C for 10 
hours. The resultant emulsion was sailed out, followed by filtration and washing, An acrylonitriie-methy: methacryiate 
random copolymer having a mercapto group at one end was thereby produced (Mw = 11.100, Mn = 9,700, and Mw/ 
Mn = 1.14). 

(Production Example 3: Synthesis of poly(mbutyl acryiate) having mercapto group at one end) 

[0123] lnlo e2 L reactor equipped with an agitator, a thermometer, a nitrogen gas inlet tube, a dropping funnel, and 
a reflux condenser, was placed 0.56 g of sodium dodecyi sulfate and 490 g of distilled water, and the reactor was 
35 nitrogen-purged while the reaction mixture was being stirred at 80 C C 2-(2-Phenylpropy!) dithiobenzoate (1 .09 g) rep- 
resented by formula (6): 



40 



4S 




was dissolved in 16.5 g of n-butyl acryiate, and the cU on was dripped rem the d opo rml > onetime Ahe 
- , V t. i vv , t { . < n - a i ■> t i ' 1 t ed water was added into the reactor. 

60 t r <. n i r I - m i i or he < op fo ^ 

forover2houis 't nn, ' me « f ~ M <r « v. s fm r m d 

Monoethyiar € )< vas add© berait snd st tngv performed at 3< Tf 1< > u he urn ot 
was salted out, followed by filtration and washing. Poym-bisEyi acryiate) having a mercapto group at one end was 
the by produce Mw 38.900. Mn = 0.90C in Mw/Mn = 1 .26). 

55 

(Production Example 4: Synthesis of poiyf n-butyi acryiate) having mercapto groups at both ends) 

[0124] into a 1 L reactor equipped with an agitator, a thermometer, a nitrogen gas inlet tube, and a reflux condenser 
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tube, was piacs a'e -tr^ge* 1 1 aroe = ' cyclohexaneca I 4-bibtthscbe i 

zoylthiomethyhb ? ; - : i - - , 1 m a 




and 300 ml of toiuene. and the reactor was nitrogen-purged. The reaction liquid was heated at 90»C for 5 hours while 
being stirred. Sampling was performed, and GPC analysis confirmed the production of a polymer (Mw = 77,000, Mn 
= 56,900, and Mw/Mo = 1 .35). 'H NMR measurement confirmed that thiocarbonytfhlo groups were introduced into both 
IS ends of p He), ant Ih. it,'' t s 93% on the botl r N ; t sis fhe onversio rate of n- 

butyi acryiate was 55%. 

$01253 MQfsoethyiamine {30 g) was added into the resultant toluene solution containing poiyf n-butyi acryiate) having 
thiocarbony thi > jroups <> * h nds ofi >wet by stir ng at 30 J C for 5 hours. Sampling was performed, and 1 H NMR 
measurement confirmed She production of poiyfn-butyi acrylate) havtng mercapto groups at both ends. The introduction 
io rate of merca^u ps j < e both is basis 

{Production Example 5: Synthesis of n-buty! acrytate-2-methoxyethyl acrylate random copolymer) 

[01 26] into a 1 L reactor equipped with m agitator, a thermometer, a nitrogen gas inlet tube, a reflux condenser, and 
» 3dro| n r i f distiiled water, and the reactor wa 

nitrogen-purged while the reaction mixture was being stirred atSO'C. A compound {23.34 g) represented by formula (8): 



30 




35 

which was dissolved in 50 g of n-butyi acrylate, was added Into the reactor, and stirring was performed at 80* C for 20 
minutes under nitrogen flow. Next. 7.0 g of 4 > 4'-azobis(4-eyanovaleric acid) together with 25 g of distilled water was 
added; thereinto. Stirring was performed at 80*C for 30 minutes, and then a mixed solution of 100 g of n -butyl acryiate 
and 50 g of 2-methoxyethyl acryiate was dripped from the dropping funnel for over 1 .5 hours. After dripping was com- 

40 pleted. the mixture was stirred at 80 1! C for 4 hours, and the resultant emulsion was then cooled to room temperature. 
A sailing-out method was performed, followed by filtration and washing. Thereby, an n-butyi acryiate-2-methoxyethyi 
s ylat and c > ha hlo g both ends * ^ omcuced GPC analysis and 1 K NMR 

analysis confirmed that in the polymer. Mw ~ 4,320. Mn = 3.970. and Mw/Mn - 1 .09 and that the introduction rate of 
thtocarbonyithio groups was 97% on the both-ends basis. 

45 [01 27] The polymer having tbiocarbooylthio group at both ends {1 80 g) was dissolved in 200 ml of toluene, and 20 
g of monoethylamine was added thereinto, followed by stirring at 5 C C for 1 0 hours . By removing excess moneethyiamine 
j j t 1 1 o i andom copolymer having mercapto groups at both ends was 

produced. 

so (Production Example 6. Synthesis of mercapto group-terminated poty{ vinyl chloride)) 

[0128] Into a 300 I stainless steel autoclave was placed 130 kg of ion-exchanged water. 100 kg of vinyl chloride 
nonomer. 5( or* i 4 30 g of sodium lau-yl sul ah* a id 110 g of a impound ropre- 

se ite 5y formula 9 b< sv 
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CM 
N-C-S~CH 2 CN (9) 

[0128] Homo3" -donned for 90 minutes with a homogenizer, and polymerization was then carried out 

iv at ' i h« * < >-m > ^ <- t 1 i i ,| i e 

monomer at 5C°C by 1 kg/cm 2 , unreached monomers were removed from the reactor by distillation. A vinyl chloride 
> i lu < r ? t I it e a t ommon a at 

rate 5 kg/cm 2 {2Q'-C}. Stirs n 1" C f or 5 hours Bv spray d'ymg the erruis on mercaoto group- 

terminated poly(vinyi chloride} was produced (Mw = 81 ..000, Mn = 41 ,000 and Mw/Mrt - 1 .49). 

15 

(Production Example 7: Synthesis of mercapto group-terminated pofyacryionitrtle) 

10130] Into a 2 L reactor equipped with 3n agitator, a thermometer, a nitrogen gas inlet tube, a dropping funnel, and 
a reflux condense H f nonyfphenyi ether i 

20 emulsifier, and 2 § of hexadeeane as an emulsifying aid, and the reactor was nitrogen-purged while the reaction mixture 
was being stirred at 80*C. A mixed solution of 8 9 g of acryionitnleand 1.1 g of a compound represented by formula (6) : 



25 




was added into the reactor, and stirring was performed at 70°C for 30 minutes. Next, 0,92 g of 4, 4'-azohis{4»eya novate rie 
acid) together wtth 25 g of distilled water was added into the reactor. Stirring was performed at 70 t! C for 1 hour, and 

35 then 45 g of acryonitrile was drsppecs from the dropping iuanei for over 1 hour. As soon as dripping was completed, 
the temperature was raised to 80"C and stirring was performed for 6 hours. The mixture was; cooled to room temper- 
ature, and an emulsion was prepared The emulsion was cried and washed with acetone, and then reprecipifation was 
performed with dimeihylformamide-acef e. Poiyaci > < < ( ' atograpi 

analysis confirmed that Mw - 13,100, Mn = 9,800, and Mw/Mn = 1 .34. 

■so [0131] The resultant | f - V e it 

was added thereinto, followed by stirring at 50*C for 10 hours. The reaction solution was concentrated and repreclps- 
tated with me p-t t 1 i 1 i ed N \ ? anaiys confirmed hot 

the introduction rate of mercapto groups was 91% on the single-end basis. 

« (Example 14: Synthesis of acrylonitnfe-n-buty! acryiate diblock copolymer) 

[91321 The poly{n-butyi acryiate) (286 parts by weight) synthesized in Production Example 3, toluene {300 parts by 
weight), and iead dioxide (0.5 parts by weight) were added to the mercapto group-terminated poiyacrySonstriie {100 
parts by weight) synthesized in Production Example 1, and the mixture was stirred at 80°C for 10 hours in an air 
$o atmosphere. 'H NMR analysis confirmed thai an acrylonitri!e-n-butyl acryiate dibiock copolymer in which coupling was 
performed via disulfide bonds was produced. GPC analysis confirmed that Mw = 61 ,400, Mn = 45,400. and Mw/Mn - 
1.35. 

{Example 15: Synthesis of acrylonitrile-n-boiyl aofyiate-acryionitnie tnbleok copolymer) 

65 

[0133] In a nitrogen atmosphere, dehydrated toluene (300 parts by weight}, isophorone d«socyanate (0.70 parts by 
weight} and dibutyltin bis(ssooctyi thiogiycoiate) (0.05 parts by weight! were added to the poiy(o-butyl acryiate} hawng 
n^ o group ^t.^ nthesi i Producti Example 4, and the mtxtu as stirred 
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at 80*C for 8 hours to synthesize poly{n-butyi acrylate) having isocyanato groups at both ends. The mercapto group- 
terminated polyscryionitrile (34 parts by weight) synthesized in Production Example 1 was added thereinto, and string 
was performed at 80°C for 18 hours. 1 H NMR and GPC analysis confirmed that an acrylonitriie-n-butyi acryiate-acry- 
lonstrlle triblock copoiymer was produced (Mw = 127,000, Mrs = 84,500, and Mw/Mn = 1.50). 

(Example 16: Synthesis ^ - ,t, r 1 -> i i , * " r e ^ copoiymer) 

[8134] In 3 n<trogen atmosphere, dehydrated toluene {300 parts by weight), isophorone diisocyanate {7.24 parts by 
weight), and dibiayitln bis{isooctyi thsogiycolate) (0.05 parts by weight) were added to the n t acrySate-2-rnetbox- 

10 yethyl acrylate random copoiymer having roe > ^ 5 \ it thesize x 

Example 5, and the mixture was stirred at 80°C for 1 0 h irst synthes e; vbutyl acr> 1 -me) >xyelhyl a > tie 
i< - r i ps at both ends T i i r e '176 parts 

by weight) synthesized in Production Example 1 was added thereinto, and stirring was performed at 80 ! C 'or 16 
hours. 1H NMR and GPC analysis confirmed that an acryionstrsle-io-buiyi acryigte/2-methoxyeihyl acryiatej-acryionitrile 

is triblock copoiymer was produced (Mw = 76.700, Mo = 43,600, and Mw/Mn = 1 .76). 

{Example 17: Synthesis of acryionitriie-viny! chloride dibiock copolymer) 

[5J135J The mercapto group-terminated polyvinyl chloride) (380 parts by weigh)) synthesized In Production Example 
20 8 and lead dioxide {1 pad by weighs) were added to- the mercapto group-terminated poiyacryionifrite {100 parts by 
weight.) tlo Exa pie 1 and the mixture was melt-kneaded with a twin-screw extruder (inlet 

temperature 80* C: outlet temperature 150' Cs and formed into a strand. The resultant strand was cut into pellets. The 
pellet . wt- . i' 3 v nm.a at 80 C for 30 hours in an air atmosphere. 'H NMR and GPC analysis confirmed that an 
acrylonitrtlc /< < >' >' b - < oolymer was produced (Mw ~ 71,100, Mn = 49,400, and Mw/Mn = 1.44). 

23 

(Example 18: Synthesis of (acrylonitriie/methyt methacrylate)-rs-butyi acrylate dibiock copolymer) 

[01 381 In a nitrogen atmosphere, dehydrated toluene (300 parts by weight), hexametnylene diisocyanate (5.78 parts 
y weigh md dibutyltin ba > gi ate 0.05 parts by weight) were added to the mercapto group-terminated 

30: acrylonitrife/methyi methacrylate random copolymer (100 parts by weigh!) synthesized in Production Example 2, and 
the mixture s i ~i at 80'C for 10 hours to produce an isocyanato group-tern isted a i 1 methac 

ylate random copolymer. The mercapto group-terminated poly{n-butyi acrylate) {105 parts by weight) synthesized in 
Production Example 3 was added thereinto, and stirring was performed at lOO'C for 8 hours in: a nitrogen 
atmosphere. 1 H NMR and GPC analysis confirmed that an (acrylonitnie/mcihyi methacrylate )-mbutyi acrylate dibiock 

3$ copolymer was produced (Mw ~ 82,900, Mn - 45,200, and Mw/Mn - 1 .39). 

{Example 19: Synthesis of {acrylonitrile/methyl methacrylate )-n-buty! acsrylale-{acry!onitrile/methyi methacrylate) 
triblock copolymer) 

40 [0137] In a nitrogen atmosphere, dehydrated toluene (500 parts by weight), isophorone diisocyanate (0.70 parts by 
weight), and dibutytin bisfisooctyl Ihioglycolate) (0.05 parts by weigh;) were added to the poiyin -butyl acrylate) having 
mercapto groups at both ends (100 parts by weight) synthesized in Production Example 4, and the mixture was stirred 
at 80°C for 8 hours to synthesize pohhmbmy! acrylate) having isocyanato groups at both ends. The mercapto group- 
terminated acryionitrile-methyJ methacrylate dibiock copolymer (92 pads by weigh!) synthesized in Production Example 

45 2 was added thereinto, and stirring was performed at WC for 16 hours. 1 H NMR and GPC analysis confirmed that an 
cr y) c I- * k l * i i t ' f r > i n ^ l 

dueec (Mw = 122.1 8,9 I I 

(Example 20: Synthesis of (acrylomtnle/meihyi methacrylateHn-dutyt acryiate/2-methoxyetbyi acry!afe)-{acfyionHrile/ 
so mett - ( > block copolyn 

[0138 rogenatn in jhy sted toluene (500 parts by weight), isophorone diisocyanate (7.22 parts by 

weqhtt nd a ° p ed t t- L yl son, w tho 

yethyl acty'ate '«ndom copoi^ nerhavii g me.-capto groups at ce ( h nds OOpartsbywetghf 1 Prooucti 
55 Example i as stirred at r 10 hours t e an n-bufyl a I acrylate 

randon pc i€ ha g isocya to V- isatbotncnds The n sr apto grouf terminated acrylo 
acrylate random copolymer (474 parts by weight) synthesized in Production Example 2 was added thereinto, and 
stirring was perfor :edat8C C for 15 hours H NMR anc GPC ana ys s conf -red mat a (scryloi triie/methy m th 
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3cryiste)-(r>-butyl acrylaie.'2-fnethcxyethyi acryiateMacryloniinie/metbyl metbaeryiate) triblock copolymer was pro- 
duced {Mw - 57,700, Mn = 36,600. and Mw/Mn = 1 .63). 

(Example 21 S thesis > !• cnp lymer) 

[0139] The mercapto group-terminated poiy(vjnyi chloride) (141 parts by weight) synthesized In Production Example 
6, < , ' 1 j (300 parts by weight), and a dioxide ' parts by weight) were added ' ihe mercapto group- 
terminated acrylooltnlemvsthyi metbaeryiate random copolymer (100 parts by weight) synthesized in Production Ex- 
ample 2 and h u < d < ^ * * > i t. r , i i f P f J i a 
to {acfyioniirife/methyi methacrylate)- vinyl chloride diblock copolymer in which coupling was performed via disulfide bonds 
was produced. GPC analysis confirmed that Mw = 63,200, Mn = 40,200, and Mw/Mn = 1.48. 

li>\ j i i \ \ 

<s |C!140] In a nitrogen atmosphere, dehydrated toluene (300 parts by weight), ally! isocyanate (0.5 pads by weighs), 
and tit - 1 d t i 3 tv 

groups at both ends (100 parts by weigh;; synthesized in Production Example 4, and the mixture was stirred at 80"C 
for 6 hours. Dibutylho blsiisoocfyi tmoojycoiaie) and excess ally) isocyanate wore removed through a silica gel column 
(50 parts by weight), and toluene was removed by distillation. Thereby, poiyin-botyi acrylaie; having allyl groups at 

20 both ends via tbiourethane bonds was produced N « , onfitmed t I > tit t * > I 5 Dtps was 
89% on the hoth-ends basts. 

[0141] On the other hand, the polyacryionitnle (100 parts by weight) synthesized in Production Example 7 was d>s- 
sotved in dimetbytformamide (300 parts by weight), and 3-isocyanafopropyldimeihyisilane (1.4 parts by weight) and 
dibutyltirs bisacetylacetonate (0.01 parts by a i it » 1 i « r 1 we t nng at 80*C for 8 hours. The 
ss reaction solution wa ated and repr< » methanol. Pol> nitric ng a hydrosiiyi group at one 

end was thereby produced. NMR analysis confirmee that the introduction rale of hydrosiiyi groups was 88% on the 
single-end basis. 

P142] Dimetbyiformamicie (300 pads by weight) was added to a mixture of the resultant polyacrylonitrile having the 
hydrosiiyi group at one end (100 parts by weight) and the poiy(n-butyl acrylate) having the ally! group at one end, and 
•38' a 3% by weight xylene solu^r ci s rametbyidisiloxane compl > t 

thereinto, After the mixture was matured at 80* C for 8 hours, dlmethylfofmamide was removed by distillation. Toluene 
(200 parts by weight) was added thereto, and insolubies were removed. The solution was poured into methanol (500 
parts by weight), and reprecipitation was performed. Thereby, an acrylonitrlle-n-buty! acrylate-acrylorsitriie triblock co- 
polymer was produced (Mw = 128,800, Mn = 73,2:00, and Mw/Mn = 1 .76). 

(Comparative Production Example 1; Synthesis of acrylonitriie/n-butyl acrylate random copolymer) 

(01433 into a 2 t. reactor equipped with an agitator, a thermometer, a nitrogen gas inlet tube, a dropping funnel, and 
a reflux condenser, was placed 800 g of distilled water. 0.71 g of sodium dodecyl sulfate as an emulsifier, and as 
40 rr l - ft i " i | -1 Wil ic lactic 

mixture was be nq >. " N. •» 1 4 cyanovaieric acd ) as a poi-> edza ialor tc 

with 30 g of distilled water was added into the reactor, and a reaction was initiated. Stirring was performed at WC for 
10 hours, and an acrylonitriie/n-butyl acrylate 'andom copolymer was produced with a conversion rate of monomers 
9 >P( i i < r 'it 2,00 tr i ' * 300 r Mw/f 

45 

(example 23: Polycarbonate thermoplastic resin composition! 

|0144] A polycarbonate resin LEXAN 141R-111 (manufactured by GE Plastics Japan, Ltd.) (100 parts by weight) as 
3 thermc ast sin RGANOX Hf >1 ma acta red I t Special Ch< t 5 parts b> eight) sa 

so stabilizer, and the block copolymer synthesized in Example 1 (6 parts by weight) were compounded. The resultant 
c t < t i a twin-screw ex uder 32 wrc >_ C 5.5) and )<*ile szed The 

resultant pe is ri 80 ;, C for 15 f a j ' e t-on molding was then performed at 2? C 0 to form a molded 

Oject (1/4 \ i ca erbes. The i f ) n irdan h 

resultant molded object were evaluated. The results; thereof are shown In Tabic 1 below, 
ss [0145] Additionally, Izod impact strength was measured according to ASTM D256-56, using V-notched specimens, 
and average values measured at n = 5 were adopted. Flame retardancy was measured according to UL-34 standard. 
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(Examples 24!o44) 

[0146] Molded objects were formed as ir, Example 23 except 'hat the block copolymers synthesized in examples 2 
to 22 were usee instead of the block copolymer synthesized in Example 1 . The izoo impact strength at Q ; C and flame 
5 reiardancy were evaluated. The results thereof are shown in Tap!® 1. 

(Comparative Example 1} 

[014?] A molded object was formed as in Example 23 except that the random copolymer synthesized in Comparative 
m Production Example 1 was used instead of the block copolymer synthesized in Example t. The Izcd impact strength 
at 0°C and flame retardancy were evaluated . The results thereof are shown in Table 1. 

(Comparative Example 2} 

16 [0148] A molded object was formed as in Example 23 without compounding the block copolymer synthesized in. 
Example 1. The brod impact strength at 0 C and flame retardaney were evaluated. The results thereof are shown in 
Table 1 

[Table 1} 



20 


Example 


Composition 


Izod impact strength (kJ/m'-} 


> 'i . ; i 




Example 23 


- " 




1^ 




Example 24 


Example 2 






25 


Example 25 


Example 3 


?i- -i 






Exarnpie 26 


Example 4 








Example 27 


Example 5 


15.2 






Example 28 


Example 6 


- 16 ' 1 


^~ 


30 


Example 29 


Example 7 








Example 30 


Example 8 


11,8 


V-1 




Example 31 


Example 9 


1:4.9 


V-1 


33 


Example 32 


Example 10 


12,5 


V-1 




Examp'e 33 


Example 11 


10.1 


V-0 




Example 34 


Example 12 


10.0 


V-2 




Example 35 


Example 13 


14.7 


V-2 


40 


Example 38 


Exarnpie 14 


9,1 


V-2 




Example 37 


Example 15 


13.3 






Example 38 


Example 18 


12.0 




45 


Example 3S 


Example 17 


7.2 


V-0 




Example 40 


Example 18 


8.8 


V-2 




Example 41 


Example 19 


17.1 


V-1 




Example 42 


Example 20 


18.1 


V-1 




Example 43 


Example 21 


7.7 


V-0 




Example 44 


Example 22 


10.2 


V-1 




Comparative Example t 


Comparative Production Exarnpie 


4.1 


notV 


55 




1 






Comparative Example 2 




2.9 


notV 



[0149] As is evident from Table 1, the thermoplastic resin compositions in which the block copolymers of the present 
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invention are compounded are excellent in impact strength at low temperatures arid flame retardancy. 
(Example 45: Polyester thermoplastic resin composition) 

« [0150] A poiy(butyfene terephthalate) resin DURANEX 2002 (manufactured by Polyplastic Co., Ltd.) (80 parts by 
wei< ' = i astic resin, Topan f Lipre Cc 1} (0.3 parts b ignt) a phenoli 

ant'OKidant, Aoeka > i by Asahi Denka > 1 ht as o HALS and the 

block copoiyn jr -frcv extrude r (32 

mm, LID - 25.5}. the resultant composition was extrusion-kneaded at 245"C and peiietized. The resultant pellets were 

10 dried at 80 V C for 15 hours, and injection molding was then performed at250"C to form a molded object (1/4 inch thick) 
or evil - <- a > - ~ ->j ■ s M n 3 1 " ft e - tan n oec uD <.<"t Aat. caw >tc a Tit 
result thereof is sbowrs In Tabie 2 below. 

(Examples 46 to 86) 

15 

(0151] Molded ob;eets were formed as in Example 45 except that the block copolymers synthesized In Examples 2 
to 22 were used instead of the block copolymer synthesized in Example 1. The Izod impact strength at 0 C C of each 
resuitarst molded object was evaluated. The results thereof are shown in 

20 Table 2. 

(Comparative Example 3} 

[0152] A molded object was formed as in Example 45 except that the random copolymer synthesized in Comparative 
25 Production Exa i i instead of the block copolymer synthesized in Example 1. The Izoci impact strength 

at 0*C was evaluated. The resell thereof is shown in Table 2. 

(Comparative Example 4) 

■so [0153] A molded object was formed as in Example 45 without compounding the block copolymer synthesized in 
Exa^o e 1 The I ipa - jih a- 0 C vas evaluated. The resuit thereof is shown in Table 2. 



Example 


Composition 


Izod impact strength (kJ/m 2 ) 


Example 45 


Example 1 


9.6 


Example 48 


Example 2 


8.5 


Example 47 


Example 3 


9.3 


Example 48 


Example 4 


10.1 


Example 49 


Example 5 


11.5 


Example 50 


Example 8 


11.8 


Example 51 


Example 7 


10.1 


Example 52 


Example 8 


9.1 


Example 53 


Example S 




Example 54 


Example 10 


10.9 


Example 55 


Example 11 


9.1 


Example 58 


Example 12 


8.3 


Example 57 


Example 13 


11.1 


Example 58 


Example 14 


9,0 


Example 59 


Example 15 


10.8 


Example 60 


Example 16 


10.7 
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[Table 2j (continued; 



Example 


Composition 


Izod impact strength (kJ/m 2 ) 


Example 81 


Example 17 


S 1 


Example 62 


Example 18 


8.3 


Example 63 


Example 19 


13.2 


Example 64 


Example 20 


13,7 


Example 65 


Example 21 


7.8 


Example 66 


Example 22 


9.3 


Comparative Example 3 


Comparative Production Example 1 


3,1 


Comparative Example 4 




2,8 



|0154] As is evident from Table 2, the thermoplastic resin compositions in which the block copolymers of the present 
invention arc- compounded are excellent in impact strength at low temperatures. 

(Example 67: Elastomer composition) 

|D1 SS'j An acrylic rubber AR42W (manufactured by ZEON Corporation) (100 parts by weight) and the block copolymer 
synthesized in Example 1 (100 parts by weight) were compounded and melt-kneaded with a LabopLastomili at 190°C. 
After 3 minutes, as a cross! in king agent, ammonium benzoate (3 parts by weight) was added thereinto, and melt- 
kneading was further performed with the Laboplestomiii al19Q"C. The resuitani sample block was thermopress-molded 
ai 190 9 C, and molded objects with a thickness or" 2 mm for evaluating physical properties were formed. The resultant 
molded objects were crossitnked by heating at 150*C for 2 hours. With respect to the molded objects, tensile strength 
at break and elongation at break at 0°C, and oii resistance were evaluated. The results thereof are shown In Table 3 
below. 

[015®] Additionally, tensile strength at break and elongation at break were measured according to J I S K6251 , at 0*C. 
With respec to o <r> \- < i j to JiS C232, molded objects were immersed in transformer oil B al70 a C for 
4 hours, and tlx m < was measured based on the rates of change in weight. 

(Examples 68 to 88) 

[0157] Molded objects were formed as in Example 67 except that the block copolymers synthesized in Examples 2 
o 22 wer e a f lyme i 1 s )- r ^ 1 ^ - ' - - rt. t < 1 k and elongation 

at break at O' C, and oil resistance were evaluated. The results thereof are shown in Table 3. 

■Comparative Example 5) 

[01 58] Molded objects were formed as in Example 67 except that the random copolymer synthesized in Comparative 
Production Example 1 was used instead of the brack copolymer synthesized in Example 1. The tensile strength at 
break and elongation at break ai 0"C, and oii resistance were evaluated. The results thereof are shown in Table 3 : . 

(Comparative Example 6) 

[0159] Molded objects were formed as in Example 67 without compounding the block copolymer synthesized in 
fill < J t l <= 3 fit 



thereof mrt 


shown Irs Ta 


bie 3. 


[TableS] 








rnpte 


Composition 


Tensile strength at 
break (MPa) 


Eionqatlon at break 
(%} 


Oii resistance (%) 


Example 




Example 1 


4.1 


340 




Example 68 


Example 2 


52 


310 


9 
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[Table 3] (continued) 



50 



Example 


Composition 


Tensile strength a! 
break (MPa) 


Elongation at break 


Oil resistance (%) 


Example 69 


Example 3 


4.8 






Example 70 


Example 4 


3.5 


420 




Example 71 


Example 5 


7.1 220 12 


Example 72 


Example 8 


6.6 230 | 11 


Example 73 


Example 7 


5,9 280 


10 


Example 74 


Example 8 


4.5 


270 


10 


Example 75 


Example 9 


6.0 


240 


6 


Example 76 


Example 10 


6.9 


250 


7 


Example 77 


Example 11 


8.1 


200 


4 


Example 78 


Example 12 


4.0 


300 


13 


Example 79 


Example 13 


5.0 


270 


14 


Example 80 


Example 14 


8,7 


360 


14 


Example 81 


Example 15 


4.2 


350 


1? 


Example 82 


Example 16 


4.5 


330 


11 


Example 83 


Example 17 


3.0 


470 


8 


Example 84 


Example 18 


3.9 




15 


Example 85 


Example 19 


4.0 


370 


14 


Example 88 




6.2 


210 16 


Example 87 


Example 21 


3.3 


440 8 


Example 88 




3,7 


420 




Comparative 
Example 5 


Comparative 
Production Example 
1 


1.4 


500 


28 


Comparative 
Example 8 




1.6 


490 


21 



[0180] As. is evident from Table 3, the elastomer compositions in which the block copolymers of the present invention, 
are compounded are excellent in strength at low temperatures and oil resistance. 



Industrial Applicability 

[01 SI] As described above, In accordance with the present invention, it is possible to produce {methlacrylonitrile- 
based block copolymers which are excellent in heat resistance, weatherability oil resistance, flame retarcsancy, and 
low- temperate resistance. The block copolymers can be prepared by water-based polymerization and the purification 
step can be simplified, and thus economical production is enabled. The thermoplastic resin compositions and elastomer 
compositions containing the block copolymers can be used in various applications, such as films, sheets, tapes, hoses, 
tubes, gaskets, packings, grips, containers, various moidec objects sealants, damping materials, pressure-sensitive 
adhesives, adhesives, coating materials, potting materials, and textiles. 



1. A block copolymer comprising a poiymer block <A) and a polymer block ;'B), She oiock copolymer being produced 
by forming the polymer block (A) by reversible ad? itic n fragmentation chain transfer polymerization in the presence 
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of a thiocsrbonyithio group-containing compound, and then oy forming the polymer block (8), 

wherein the polymer block (A) is prepared by (co)poiymerlzing 50% to 100% by weight of at least one mon- 
omer selected from the group consisting of acryionitnse and metbacryionitriie and 50% to 0%; by weight of at least 
one monomer selected from the group consisting of metbacrylate esters, styrene, and o.-methylsiyrene, and the 
polymer block (3) is prepared by (ootpoiymerlzing at ieast one monomer selected from the group consisting of 
acrylic acid, nc i > ucm. acryiate ostem Hi « i esters, r acetate, styrene, , - t u buta- 

diene, isoprene. end vinyl chloride. 

Ax i j tk I r ■) oi r (B) o^-cribed 

above, each by reverses <Ji if'-vU n chain transfer K i In the presence of a fhiocarbo- 

t ji i r | i i c i j * t- •> R 

A block cop /me ?per ; of the block cop /me ac ord to Clain 

The btoi c ?mer aecordin i an ons ' 1 ^ < t t > 3 a* < s is t . * carfoor-yitt \u ning com- 

j is ail xnpound selectee from the gr insisting of loound rep u t 

(1): 




(wherein R 1 is a p-vaient organic group of 1 or more carbon atoms which may contain one of nitrogen, oxygen, 
sulfur, halogen, silicon, phosphorus, and metal atoms, or which may be a polymer; Z> is a hydrogen atom, halogen 
atom, or monovalent organic group of 1 or more carbon atoms which may contain one of nitrogen, oxygen, sulfur, 
halogen, silicon, and phosphorus stems, or which may be a polymer; when pluraf Z 1 s are present, the plural Z% 
may be the same or different; and p is an integer of 1 or more), and a compound represented by genera! formula (2): 




(wherein R 2 is a monovalent organic group of 1 or more carbon atoms which may contain one of nitrogen, oxygen, 
sulfur, halogen, silicon, phosphorus, and metal atoms, or which may be a polymer; Z 2 is an oxygen atom (when q 
- 2), suifur atom (when q ~ 2), nitrogen atom (when q ~ 3), or g-vaient organic group of 1 or more carbon atoms 
h may contain o > f a aen si'icon and oncspf o us otoris o> which na\, be a 

polymer; plural R 2 s may be the same or different, and q is an integer of 2 or more). 

The block copolymer according to any one of Claims 1 to 4, wherein the thiocarbonylthic group-containing com- 
pound is a compound eoresent; lb r tula (3 
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Z 



1. 



f 

c 



;-s-R 2 



(3) 



If r 1 ) phospi which ma oiymer s to 

haioger, atom, or monovalent organic group of 1 or more carbon atoms which may contain one of nitrogen, oxygen, 
sulfur, halogen, silicon, and phosphorus atoms, or which may be a polymer), 

6. The block c er according to Claim 2. w >l n react n for rming the polymer biock (A 

is performed in the present* f the i hiog jyp-contairsing con > present d by general formula 

(3) described above, and the polymerization reaction for forming the polymer block (B) is performed in the presence 
of a ihiocarbonytthio group-containing compound represented by genera! formula (4): 



{wherein R 3 is a divalent organic group of 1 or more carbon atoms which may contain one of nitrogen, oxygen, 
sulfur, halogen, silicon, phosphorus, and metal atoms, or which may be a polymer; each Z 1 is a hydrogen atom, 
halogen atom, or monovalent organic group of 1 or more carbon atoms which may contain one of nitrogen, oxygen, 
sulfur, halogen, silicon, and phosphorus atoms, or which may be a polymer; and two Z-s may be the same or 
different}, 

7. The block copolymer according to either Claim 2 or 6, wherein the molecular weight distribution of the polymer 
block £B) is 1 .8 or less, the molecular weight distribution being determined by gel permeation chromatography 



8, The block copolymer according to any one of Claims 2, 3, 6, and 7, wherein the thiocarbonyithio group of trie block 
copolymer is converted into a mercapto group or a mercaptide group, and said coupling is performed by a reaction 
of the rnercapio group or the mercaptide group. 

S. The block copolymer according to Claim 8, wherein the thiocarbonyithio group of the thiocarbonyithio group-con- 
t-s mo i t I t r r n<-^ h s - 

ing agent comprising at least one compound selected from the group consisting of bases, acids, and hydrogen- 
nitrogen bond-containing compounds, 

10. The block copolymer according to Claim 9, wherein the processing agent is at least one compound selected from 
the group consisting of ammonia, primary amine compounds with a boiling point of 100*0 or iess, secondary amine 
compounds with a boiling point of 100*0 or toss, and hindered amine light stabilizers {HALSs). 

1 1 . The block copolymer according to any one of Claims 8 to 10, wherein said coupling Is performed by the formation 
of disulfide bonds using an oxidizing agent 

12. The block copolymer according to any one of Claims 8 to 1 0, wherein sale coupling is performed using 8 compound 
taving at ic > j n - - - 1 c > ' , r > ^ antdegmup 
to form a bond. 



S 



s 





analysis. 



13. The block copolymer according to Claim 12, wherein said coupling is performed using a compound having at least 
two isocyanato groups in each molecule. 
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14. The block copolymer according to any one of Claims 8 to 10, wherein a functional group is introduced into the 
mercapto group or the mere ptidi oi r ped i aid coupling. 

15 The biock copolymer according to Claim 14, wherein said coupling is performed using at least one functional group 
» selected from the group consisting of a crossiinkabie ssiyl group, unsaturated groups, and a hydroxy: group. 

18 The bicek >po;yroer according fo any ono of Ciai J < «d by polym- 

erizing 80% to 100% by weight of at least one monomer selected from the group consisting of acrylonitrile and 
methacrylonliriie and 20% to 0% by weight of at least one monomer selected from the group consisting of meth- 
10 ic yl i hyi; fy c ie 

17. The t > "> o " r r ii m t f t xrfymer biock i r t = o i > 

weight of at ieast one monomer selected from the group consisting of acryfonitriie and methacrylonstrlie. 

'5 18. T e t herein the polymer biock (B; Is prepared by polyr 

erizing an aery; ale ester. 

19. The biock copolymer according to any one of Claims 1 So 18. wherein the molecular weight distribution of the 
polymer block (A) is 1 .8 or less, the molecular weight distribution being determined by gel permeation chromatog- 

W raphy analysis. 

20. The block copolymer according to anyone of Claims 1 to 19. wherein the molecular weight distribution of the block 
copolymer comprising the polymer block (A) and the polymer biock {B) is 1 .8 or less, the molecular weight distri- 
bution being determined by gel permeation chromatography analysis. 

25 

21. The black copolymer according to any one of Claims 1 to 20. wherein the glass transition temperature of the 
polymer block (A) is 50" C or more. 

22. The block copolymer according to any one of Claims 1 to 21 , wherein the glass transition temperature of the 
30 polymer Cloak (B) is 30" C or less. 

23. A thermoplastic resin composition comprising a thermoplastic resin and the block copolymer according to any one 
of Claims 1 to 22. 

35 24, An elastomer composition comprising a synthetic rubber and the block copolymer according to any one of Claims 
1 to 22. 



45 



55 
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